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INTRODUCTION 


This is the sixth of a series of publications that describe methods and prac- 
tices in mining coal mechanically .4+/ These studies were endorsed by the Coal Con- 
servation Committee of the National Bituminous Coal Advisory Council. The six re- 
ports issued to date contain detailed descriptions of mining operations at 67 coal 
mines in all the important coal fields in the United States. Progress reports }, 
5, and 6 have been confined to operations practicing pillar extraction with mechan- 
ized equipment. Descriptions of mines 56 to 67 are included in this report. 


Studies of mechanized operations at many mines where pillars are not extracted, 
descriptions of which are not included in these reports, were made to obtain addi- 
tional data for comparison with operating performance at mines where pillars are 
extracted, : 


The objective of these studies is to emphasize the following phases of pillar 
extraction: 


1. Percentage of recovery in pillar extraction in panels and over-all 
recovery obtained in various mines using different mining methods. 


2. Roof action, including methods of supporting the roof in pillar ex- 
traction and the methods employed to effect roof falls in mined-out 
areas. 


3. Comparison of performance of mechanized units in mines where pillars 
are extracted and in mines where pillars are not extracted. . 


4. Descriptions of methods of extracting pillars at mines studied that 
can be understood by persons in the mining industry and others as 
well. 


9, Toenges, Albert L., and Anderson, Robert L., Multiple-Shift Mechanical Mining in 


Some Bituminous-Coal Mines. Progress Report 1: Bureau of Mines Inf. Circ. 
7014, 1938, 56 pp. 

Toenges, Albert L., and Jones, Frank A., Multiple-Shift Mechanical Mining in 
Some Bituminous-Coal Mines. Progress Report 2: Bureau of Mines Inf. Circ. 
7067, 1939, 58 pp. 

Toenges, Albert L., and Maize, Earl R., Multiple-Shift Mechanical Mining in 
Some Bituminous-Coal Mines. Progress Report 3: Bureau of Mines Inf. Circ. 
7178, 1941, 43 pp. 

Toenges, Albert L., Maize, Earl R., and Jones, Frank A., Multiple-Shift Mechani- 
cal Mining in Some Bituminous-Coal Mines. Progress Report 4: Extraction of 
Pillars with Mechanized Equipment: Bureau of Mines Inf. Circ. 7223, 1942, 

29 pp. 

Turnbull, Louis A., and Toenges, Albert L., Mechanical Mining in Some Bituminous- 
Coal Mines. Progress Report 5: Extraction of Pillars with Mechanized Equip- 
ment: Bureau of Mines Inf. Circ. 7527, 1949, 59 pp. 
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From data collected at mines in different areas and under various conditions, 
tentative conclusions have been drawn and are discussed in this report. 


Data contained in the summaries of mine descriptions and information corre- 
lated in the curves in this report may prove helpful in planning future mining oper- 
ations and in evaluating performances of mines operated at present. 


ACKNOWLEDGMENTS 


The information relative to mine operations described in this report was ob- 
tained through the courtesy and cooperation of the officials of the companies whose 
mines are described. Consent of the executives to publish these data was obtained. 


SUMMARY AND CONCLUSIONS 


The curves and conclusions given in this report are based upon detailed studies 
of mining operations at more than 80 coal mines in all the important coal fields of 
the United States. Conclusions regarding: (1) Effective methods of extracting pil- 
lars, (2) comparisons of methods of mining, (3) recovery, (4) roof action and roof 
control, and (5) comparisons of performances at mines where pillars are extracted and 
mines where pillars are not extracted, follow: 


1. The open-end method of pillar extraction, which is the most common method 
used, results in the highest percentage of recovery. The pocket-and-fender method 
also has widespread use. However, various amounts of coal are lost in thin fenders 
or small stumps left for temporary roof support between the pockets or lifts and gob 
area during pillar mining. Therefore, the pocket-and-fender method generally does 
not provide as high recovery as the open-end method. However, there are many mines 
where the open-end method cannot be applied because of adverse roof conditions. 


2. The type of loading equipment most commonly used in the mines studied is 
mobile loading devices. Hand-loaded conveyors and conveyors equipped with self- 
loading heads are in use in many of the mines studied, especially in thin and dipping 
coal beds. Conveyor operations often obtain better recovery but generally lower per- 
formance in tons per man per shift than operations employing mobile loading equip- 
ment. Recovery is better because wide roadways are not necessary for conveyor equip- 
ment and closer timbering can be used, thereby providing more effective roof control. 


3. From data correlated in the studies, over-all recovery at mines where pil- 
lars are extracted ranges from 70 to 85 percent. Recovery in panels ranges from 75 
to 95 percent. Recovery in mines where pillars are extracted ranges from 10 to 5 
percent more than in mines operated under similar physical conditions but where pil- 
lars are not extracted. Coal lost in mining may be divided into two groups: (1) 
Coal left in barrier pillars as required by State and local laws, coal left under 
surface structures, coal lost because of physical conditions in and surrounding the 
coal bed, and coal abandoned because of the topography. These losses cannot be 
avoided by individual operators. (2) Coal lost in mining. This loss includes coal 
frequently left in entry chain and barrier pillars, room pillars, top and bottom 
coal left unmined, coal lost in closely adjacent coal beds underlying or overlying 
the bed mined, coal between mine workings and outcrops, and waste of coal in mining, 
much of which can be avoided by individual operators. 


The development of efficient mechanical coal-cleaning processes and introduc- 
tion of roof bolting in coal mines has encouraged a trend away from selective mining 
in individual as well as groups of coal beds. Full-seam mining is gaining popularity 
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in the thicker coal beds. A decline in selective mining would benefit conservation 
materially, because much coal lost in selective mining cannot be recovered. 


4. The studies indicate that the most difficult problem encountered in ex- 
tracting pillars with mechanized equipment is the effective control of not only 
the immediate roof but the entire overlying strata. The void created in the strata 
is partly filled with caved rock from the immediate overlying strata and partly by 
subsidence of the remaining overburden. Well-planned mining methods derived from 
extensive knowledge of pillar mining as well as experience with local physical con- 
ditions are essential. The speed, regularity, and precision with which pillars are 
extracted help to obtain regular breaks and caving of overlying strata along estab- 
lished pillar lines, thus relieving and preventing excessive weight at the coal 
faces. In some mines, advantage is taken of natural cleats in roof rock to obtain 
frequent and systematic roof falls. Some of the more serious adverse conditions 
arising in pillar extraction are the results of the failure to mine all stumps, 
pillars, or larger blocks of coal as a section is retreated. Squeezes and other 
unfavorable mining conditions may arise, which result in abandonment of a pillar 
line and subsequent loss of large areas of coal. 


5. The studies show that the average labor employed underground, in man-hours 
per ton at mines where mobile loading devices are used, is greater where pillars are 
extracted than where pillars are not extracted. The difference ranges from 0.10 
man-hour per ton for a bed 36 inches thick to 0.19 man-hour per ton for a bed 72 
inches thick and to 0.22 man-hour per ton for a bed 120 inches thick. 


The average production per hour per mobile loading unit is less where pillars 
are extracted than where pillars are not extracted. The difference ranges from 2.0 
tons per hour for a bed 36 inches thick to 2.5 tons per hour for a bed 72 inches 
thick and to 7.5 tons per hour for a bed 120 inches thick. Production per conveyor 
unit per hour appears to be about the same in pillar and nonpillar mining. 


Some factors that tend to offset the higher labor costs in operations where 
pillar extraction is accomplished with mobile loading equipment are: 


a. Smaller initial capital investment is required per ton in shafts, slopes, 
surface plants, haulageways and airways, track, trolley lines, and power-transmis- 
sion lines because greater tonmnages are recovered from the areas mined. 


b. More tons are recovered per acre; therefore, depletion per ton is less; 
and, where high real estate taxes have been paid on coal land owned over a period 
of years, the tax cost per ton of coal produced is less. 


In general, coal mining is a highly competitive industry, and the margin of 
profit per ton of coal often is small. Therefore, economic factors cause many min- 
ing companies to adopt methods of mining that will provide maximum daily operating 
efficiency with the result that recovery is low, and individual company coal re- 
serves, as well as the national fuel reserves, are wasted. The methods used may 
provide for lower daily mining costs, but otherwise may prove more costly over a 
period of years. Notable exceptions are those companies operating in coal beds 
containing premium-quality coals, in areas where coal reserves are limited, or 
where coal lands are leased and a maximum percent of recovery is required by the 
lessor. 


The benefits of pillar extraction in conservation of a valuable natural re- 
source are obvious and are particularly important to the country's economy in areas 
producing high-quality coals suitable for metallurgical use or for special purposes 
other than steam raising or space heating. Therefore, companies operating in these 
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and other areas should be encouraged to increase their recovery by pillar extraction, 
or by developing new high-recovery methods of mining that will be adaptable to can- 
tinuous mining devices and other proven mining equipment. 


RECOVERY IN COAL MINING 


In coal mining, the term "percentage of recovery" refers to that portion of the 
total amount of coal originally in place in a coal bed in a prescribed area that is 
mined and transported to the surface. This percentage may represent total coal 
mined during one or more stages of mining, or coal recovered in each individual stage 
leading to final abandonment of the area after mining is considered completed. 


The area prescribed for computing percentage of recovery depends upon the pur- 
pose for which the recovery figure is intended and may describe a portion of a mine 
such as one panel, the entire area of the mine, a tract of land, or an entire coal 
field. 


In computing or estimating percentage of recovery, several factors must be en- 
ployed. An estimate of the reserve of coal originally in place must be made from 
known values of coal-bed thicknesses (minus thickness of partings) and of specific 
gravity of the coal in the prescribed area, These values may be changed and their 
number increased as exploration and development progress. All areas left for bar- 
riers should be included in the original reserve of coal. Coal recovered is the 
weight of raw coal mined and transported to the surface, exclusive of such foreign 
materials as top and bottom rock and major partings in the coal bed. 


The grade and quality of coal sometimes induces selective mining in some areas. 
That is, portions of coal beds or areas of coal fields comprising low-grade coal may 
have commercial value and be minable only during times of heavy market demand. High 
production costs may result from adverse mining conditions, such as decrease in the 
thickness of the coal bed, weak roof or soft bottom that can be remedied by leaving 
top or bottom coal, and excessive surface and ground water. These increased costs 
may induce selective mining in some areas. Coal left unmined during selective min- 
ing usually is lost for future mining, and no attempt is made for further recovery. 


The value of the coal in place and the quantity of reserves in an area often 
influence the method of mining and, consequently, recovery. Coals qualifying for 
metallurgical coke, byproduct use, or other special purposes usually are in demand 
and many of the reserves of this grade of coal are rapidly becoming depleted. 
Therefore, several coal mining companies, some of which operate captive mines that 
produce this type of coal, are not seriously hampered by competition and are conser- 
vation minded. On the other hand, mining companies operating in fields of lower- 
quality coal where coal reserves are large or where competition is severe place 
special emphasis on maintaining minimum possible mining costs. Except where lessors 
of coal lands require a definite percentage of recovery as a minimum standard, many 
of these companies give little regard to conservation. These companies usually fol- 
low the room-and-pillar system of mining, whereby rooms are driven as wide as safety 
permits. Little or no attempt is made to recover the narrow pillars between rooms 
or to recover entry, chain, and barrier pillars. 


For various reasons, percentage of recovery was not available at some of the 
mines included in this study. Many companies do not keep separate records of the 
tonnage of coal mined from individual panels or specific areas of a mine. There- 
fore, percentage of recovery at these mines cannot be accurately computed until the 
mine is finally abandoned and only then if a record of the total tons produced is 
available. 
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Some companies estimate recovery on the basis of areas mined out, as compared to 
the over-all area of the coal in which mining has been completed. This method is ob- 
viously inaccurate because the various losses in mining cannot be accounted for. For 
these reasons, many recovery figures claimed by mining companies are too high to be 
accepted as correct. Obviously, the accuracy of estimates of percentage of recovery 
depends upon the criteria used in making the estimate. 


ROOF ACTION AND ROOF CONTROL 


It is generally agreed in the coal mining industry that in mining coal success- 
fully: (1) Enough coal must be removed to permit the roof and overburden to cave and 
subside completely; or (2) enough solid coal must be left in place to support the 
overburden, at least until mining operations in a given area are abandoned. In the 
first method, 30 to 60 percent of the coal mined is from development work, and the 
remaining production is from systematic pillar robbing or pillar extraction. In the 
second method, very little coal is recovered from pillars, The first method re- 
quires that mine section layouts be designed so that systematic pillar extraction 
can be planned in advance. Development and pillar-extraction plans usually are de- 
pendent upon the operator's knowledge of mining conditions in the area and upon the 
type of equipment to be used. Other factors that govern mine layouts are mining 
costs, production possibilities, recovery of coal, and safety of employees and 
equipment. 


The two systems of pillar extraction most generally used are the block and roon- 
and-pillar. With the block system, which is more generally used in thick coal beds, 
over half the production usually is from pillars. In the room-and-pillar systen, 
which is used in both thick and thin coal beds, over half the production usually is 
from entries, rooms, and crosscuts, 


The open-end and pocket-and-fender methods are most generally used in pillar 
extraction. Where the open-end method is used, cuts or lifts are mined from one or 
two gob sides of a pillar and no fenders or stumps of coal are left adjacent to the 
gob as the lift is advanced. In the pocket-and-fender method, lifts are mined in 
the same way as in the open-end method, except that a fender of coal or a series of 
small coal stumps is left adjacent to the gob as the lift is advanced. After the 
lift is completed, the fender or stumps of coal are blasted, and sometimes part of 
this coal is recovered. 


In pillar mining, the roof at the pillar line is supported by timbers, fenders 
of coal, or stumps of coal. Timbers, where used, comprise rows of breaker props, 
wood crossbars, or wood cribs. These roof-support methods often are used in combi- 
nations of two or more, depending upon roof conditions. The roof over mined-out 
areas must cave as pillar extraction progresses. Caving relieves weight that other- 
wise would be transferred to timbers and solid coal along the pillar line. 


Some of the more serious hazards observed in pillar extraction are the results 
of voluntary or accidental failure to mine all the coal as mining in a section re- 
treats, Large unmined blocks of coal, pillars, or portions of pillars, too large 
to crush as the pillar line is retreated, prevent caving for various distances 
around the unmined blocks. When caving does not occur, weight is transferred to 
timbers and solid coal surrounding the mined area, particularly along the pillar 
line. This weight often causes bottom heaving, squeezing, and other unfavorable 
mining conditions, and, in extreme cases, abandonment of the pillar line; some- 
times the loss of the entire section may result. A squeeze in a section of a mine 
usually creates difficult and hazardous mining conditions in adjacent panels and 
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often necessitates leaving large barrier pillars around the squeezed area. Over-all 
recovery is greatly reduced when these conditions develop. 


In pillar extraction, results are best when both development and pillar mining 
are planned in advance and executed systematically. Regularity of operations and 
speed of retreat along a pillar line usually influence roof action and the quantity 
of materials and labor required to control the roof. Intermittent operations often 
cause serious roof and bottom conditions. As a result, extra clean up and timbering 
are often required each time work is resumed. 


EXPLANATION OF CURVES 


The following curves are based upon detailed studies of mechanized mining in 
more than 80 bituminous coal mines in every important coal field in the United 
States. The studies include loading practices with mobile loading devices, both - 
trackless and track-mounted; conveyors equipped with self-loading heads; and hand- 
loaded chain and shaking conveyors. 


The points on which the curves are based were determined by computing weighted 
average production and man-hours per ton of raw coal for groups of mines operated 
under similar physical conditions and in similar mining heights. Mining height some- 
times is used instead of coal-bed thickness because some companies do not practice 
full-seam mining, while others mine draw rock, bony coal roof, or thick partings with 
the coal. Mining height, rather than coal-bed thickness, is often the determining 
factor governing size and capacity of loading machines and intermediate haulage 
equipment, Therefore, the curves represent the average production and man-hours 
per ton of raw coal for various mining heights in coal beds in different areas, 
Points computed from operating data at any one mine may deviate above or below 
points on the curves; but, in planning new operations, it can be expected that min- 
ing performance for a given bed thickness (or mining height) with the several types 
of loading equipment will be reasonably near the curves. Raw coal is used as the 
basis for comparing performances because the amount of reject varies at different 
mines, Production of clean coal can be determined by applying the percentage of 
reject in the coal. 


Although an employee may actually work only 6 hours at the face, the total nun- 
ber of hours in the shift for which he was paid (7, 8, or 9) was used in all compu- 
tations to obtain man-hours per ton and output per unit per hour. 


The curves in figure 1 show the relation of man-hours per ton of raw coal and 
man-shifts (8-hour) per 1,000 tons of raw coal produced to the thickness of the coal 
bed (or mining height) for labor employed at the face on mobile loading wits; for 
total labor employed underground; and for total employees, surface and underground, 
for mines in which pillars are extracted. An example of the man-hours required to 
produce a ton of coal in a bed 60 inches thick, using mobile loading machines and 
extracting pillars, follows: 


Man-hours 


per ton 
Employees, mechanized units, raw coal ....ceeereee 0.5 
Other underground employees, raw coal .....c..eee- 025 
Surface employees, raw COG] ...ccccccccccccccccccs 18 
Total employees, raw Coal ..ccccnccccveccvvcces 1.01 


Total em loyees, clean coal @eeeoeseeoeeeeeseunv1e*sesee 1/1.19 
dy Arbitrary figure for recovery of clean coal at cleaning 
plant, 85 percent of raw coal. 
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Figure 1, . Relation of man-hours per ton of raw coal and man-shifts (8hours) per 1,000 
tons of raw coal to thickness of bed. Pillars extracted. Mobile loading ma- 


Chines. (Man-hours computed from full 7- , 8, or 9-hour shifts.) 
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Figure 2, - Relation of man-hours per ton of raw coal and man-shifts (8-hours) per 1,000 
tons of raw coal to thickness of bed. Pillars not extracted. Mobile loading 
machines. (Man-hours computed from full 7- , 8 , or 9-hour shifts.) 
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Man-hours per ton for total underground employees at individual mines included 
in these curves range from 0.27 man-hour per ton less to 0.20 man-hour per ton more 
than the weighted average in 45-inch coal. At other mines, the range is from 0.34 
man-hour per ton less to 0.20 man-hour per ton more than weighted average in 84-inch 
coal, The mine operated in 45-inch coal with better-than-average performance is in- 
dicative of superior physical conditions and well-coordinated mining with medium- 
capacity equipment. The better-than-average performance in 84-inch coal represents 
a mine in which effective bolting of a weak roof, belt haulage in both panels and 
main entries, and coordinated use of high-capacity equipment have been combined to 
give efficient operation. These mines have attained high performance without 
sacrifice of recovery. 


Differences in man-hours per ton for surface employees range from 0.21 man-hour 
for 30-inch coal to 0.16 man-hour for 120-inch coal. The difference largely is due 
to the use of more shopmen at mines in thinner coal. lLower-capacity mining equipment 
is used in thin coal than in thick coal. More machines are needed for an equivalent 
production of coal in thin beds and, therefore, more men are needed for periodic 
major repairs on mining machinery. 


Man-shifts per 1,000 tons of raw coal may be used to estimate the number and 
distribution of employees required for a new mine or to evaluate or compare the per- 
formances at mines where pillars are extracted. An example of the man-shifts re- 
quired to produce 2,500 tons of raw coal in a bed 60 inches thick, using mobile 
loading machines and extracting pillars, follows: 


Man-shifts Man-shifts 
per 1,000 tons per 2,500 sou) 
of raw coal of raw coall 
Employees on mechanized units ....... 73 182 
Other underground employees .....eeee 31 78 
Surface Employees ..ccrcccccccvsccees _23 md 
31 


Total employees ...cccccccccccee 127 
iy Number of employees for 1,000-ton operation multiplied by 2.5 or 
comparative size of mine desired. 


The curves in figure 2 show the relation of man-hours per ton of raw coal and 
man-shifts (8-hour) per 1,000 tons of raw coal to the thickness of the coal bed (or 
mining height) for labor employed at the face on mobile loading units; for total 
lebor employed underground; and for total employees » Surface and underground, for 
mines where pillars are not extracted. An example of the man-hours required to pro- 
duce a ton of raw coal in a bed 60 inches thick, using mobile loading machines and 
not extracting pillars, follows: 


Man-hours 

r ton 
Employees, mechanized units, raw coal ....ccseceee orn 
Other umderground employees ..cccccccccccccccccece 023 
Surface employees, raw COA] .wccccsccccccccccceces -20 


Total employees, raw COA] ..ccccccccccccccese 87 
Total employees, clean COA] ...ccccccccecvece 1/1.02 

l/ Arbitrary figure for recovery of clean coal at cleaning 
plant, 85 percent of raw coal. 
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Man-hours per ton for total underground employees at individual mines included 
in these curves range from 0.17 man-hour per ton less to 0.12 man-hour per ton more 
than the weighted average for 42-inch coal. At other mines these values range from 
0.10 man-hour per ton less for 84-inch coal to 0.15 man-hour per ton more for 96- 
inch coal than the weighted average for these bed thicknesses, These two mines, with 
better-than-average performances, represent operations in coal not of premium quality 
and where low mining costs are foremost in competing with neighboring coal operations. 
Little attention is given to recovery. 


Differences in man-hours per ton for surface employees range from 0.21 man-hour 
for 30-inch coal to 0.17 man-hour for 120-inch coal. The difference largely is due 
to the use of more shopmen in mines in thinner coal. lLower-capacity mining equipment 
is used in thin coal than in thick coal. More machines are needed for an equivalent 
production of coal in thin beds and, therefore, more men are needed for periodic 
major repairs on mining machinery. 


Man-shifts per 1,000 tons of raw coal may be used to estimate the number and 
distribution of employees required for a new mine or to evaluate or compare perforn- 
ances at mines where pillars are not extracted. An example of the man-shifts re- 
quired to produce 2,500 tons of raw coal in a bed 60 inches thick, using mobile 
loading machines and not extracting pillars, follows: 


Man-shifts Man-shifts 
per 1,000 tons per 2,500 ay 
of raw coal of raw coa 
Employees on mechanized units .... 55 137 
Other underground employees ...... 30 19 
Surface employees ...ccccrcceccces ar 60 


Total employees .ecscceeveees 109 ee 
ayy, Number of employees for 1,000-ton operation multiplied by 2.5 or 
comparative size of mine desired. 


The curves in figure 3 show the relation of man-hours per ton of raw coal and 
man-shifts (8-hour) per 1,000 tons of raw coal on mechanized units using mobile 
loading machines to thickness of coal bed (or mining height) at mines where pillars 
are extracted and at mines where pillars are not extracted. These curves show that 
the man-hours per ton at the face are higher in pillar extraction than where pillars 
are not extracted. Consequently, the number of men at the face is higher at mines 
where pillars are extracted. The difference increases as the mining height increases, 
Difference in man-hours per ton ranges from 0.10 man-hour per ton for 36 inches of 
coal to 0.16 man-hour per ton for 72 inches and 0.19 man-hour per ton for 120 inches. 
Difference in man-shifts per 1,000 tons ranges from 12 man-shifts for 36 inches of 
coal to 20 man-shifts for 72 inches and 24 man-shifts for 120 inches. Roof control 
generally is a greater problem where pillars are extracted, and the differences 
shown on the curves are due to additional time spent in timbering to control the 
roof and for clean-up work in active sections. More men are required to set timbers 
in thick-bed mining than in thin-bed mining. 


The curves in figure 4 show the relation of man-hours per ton of raw coal and 
man-shifts (8-hour) per 1,000 tons of raw coal for total underground labor using 
mobile loading machines to thickness of coal bed (or mining height) at mines where 
pillars are extracted and mines where pillars are not extracted. Man-hours per ton 
are more where pillars are extracted, and the difference ranges from 0.10 man-hour 
for 36-inch coal to 0.19 man-hour for 72-inch coal and to 0.22 man-hour for 120-inch 
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Figure 3. - Relation of man-hours per ton of raw coal on mechanized units and man-shifts 
per 1,000 tons of raw coal to thickness of bed. Pillars extracted and pillars 
rot extracted. Mobile loading machines. (Man-hours computed from full 7-, 
8- , or 9-hour shifts.) 
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Figure 4, - Relation of man-hours per ton of raw coal and maneshifts per 1,000 tons of raw 
coal, total underground labor, to thickness of bed. Pillars extracted and pil- 
lars not extracted. Mobile loading machines, (Man-hours computed from full 


7. , 8- , or 9-hour shifts.) 
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Figure 5. - Relation of man-hours per ton of raw coal and maneshifts per 1,000 tons of raw 
coal, total surface and underground labor, to thickness of bed. Mobile loading 
machines. (Man-hours computed from full 7- , 8 , or 9-hour shifts.) 
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Figure 6, - Relation of man-hours per ton of raw coal to thickness of bed (or mining 
height), inches. Pillars extracted, conveyors. (Man-hours per ton com- 


puted from full 7- , 8- , or 9ehour shifts.) 
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Figure 7, - Relation of tons of raw coal loaded per mobile loading unit per hour 
and per shift (8-hours) to thickness of coal bed. Pillars extracted 
and pillars not extracted. (Tons per hour computed from full 7-, 8-, 
or 9-hour shifts.) 
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coal. Man-shifts per 1,000 tons are more where pillars are extracted, and the dif- 
ference ranges from 12 man-shifts for 36 inches of coal to 24 man-shifts for 72 
inches and 27 man-shifts for 120 inches. 


In figure 5, the curves show the relation of man-hours per ton of raw coal and 
man-shifts (8-hour) per 1,000 tons of raw coal for total employees, surface and 
underground, using mobile loading machines to thickness of coal bed (or mining 
height) at mines where pillars are extracted and at mines where pillars are not ex- 
tracted. Man-hours per ton are more where pillars are extracted, and this differ- 
ence ranges from 0.10 man-hour for 36 inches of coal to 0.17 man-hour for 72 inches 
of coal to 0.20 man-hour for 120 inches of coal. Man-shifts per 1,000 tons are more 
where pillars are extracted, and the difference ranges from 12 man-shifts for 36 
inches of coal to 21 man-shifts for 72 inches of coal to 25 man-shifts for 120 
inches of coal. 


In figure 6, the relation of man-hours per ton of raw coal produced to the 
thickness of the coal bed (or mining height) for labor employed at the face on con- 
veyor units and total labor employed underground for mines where pillars are ex- 
tracted is shown. An example of the man-hours required to produce a ton of coal in 
a bed 42 inches thick, using conveyors and extracting pillars, follows: 


Man-hours 


er ton 
Employees, mechanized units, raw coal ...scccacscccscsees 0.85 
Other underground employees, raw coal .wrcccccccsseccccses ok 
Durt ace Employees: 6 sus: a wiersiwiwevd ee Grass ees We oe Oe See we a wee 1/20 
Total employees. Taw COG] -29.cs.esew sewer ee ewes a oes are 1.29 
Total employees, clean coal w.cccscccrccccvcvcscsccsecns 2/1.52 

1/ Weighted average surface labor, in man-hours, for mines studied. 
e/ Estimated average refuse at cleaning plant, 15 percent of raw 

coal. 


Man-hours per ton for total underground employees at individual mines included 
in these curves range from 0.30 man-hour per ton less than the weighted average for 
54 inches of coal to 0.57 man-hour per ton more than the weighted average for 62 
inches of coal. The performance at the first mine represents efficient operation 
in a mine having superior physical conditions and short haulage. The second mine 
is operated under thick cover and unusually weak immediate roof. Reserves of the 
coal bed, which contains premium-quality metallurgical coal, are limited. Every 
effort is made to obtain maximum recovery rather than low mining costs at this mine. 


The curves in figure 7 show the relation of tons of raw coal loaded per mobile 
loading unit per hour and per shift (8-hour) to thickness of coal bed (or mining 
height) at mines where pillars are extracted and at mines where pillars are not ex- 
tracted. These curves show that less coal is loaded per hour or per shift in pillar 
extraction than in nonpillar extraction. This difference ranges from 2.0 tons per 
hour in 36 inches of coal to 2.5 tons per hour in 72 inches of coal and to 7.5 tons 
per hour in 120 inches of coal. The difference in tons per 8-hour shift is eight 
times that of tons per hour. The increasing difference in the thicker beds is the 
result of fewer delays caused by less roof-control work where pillars are not ex- 
tracted. These delays have a greater effect upon the production of high-capacity 
loading machines used in thicker beds than upon lower-capacity machines in thinner 
beds because more tonnage is lost for each minute of delay. For example, production 
from a loading machine normally producing 12 tons per hour in thin coal will be cut 
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to 10 tons because of an extra 10-minute delay in a l-hour period. Production of a 
high-capacity loading machine, which normally produces 60 tons per hour in thick 
coal, would theoretically be diminished by 10 tons for a corresponding 10-minute 
delay. 


The curve in figure 8 shows that the tons of raw coal loaded per conveyor per 
hour is directly proportional to thickness of coal bed at mines where pillars are 
extracted. Only a few conveyor operations where pillars were not extracted were 
studied, but the little information obtained indicates that the production per con- 
veyor per hour is about the same whether pillars are extracted or not. 


DESCRIPTION OF MINES 


Mining at mines 56 to 67, inclusive, is described in this report. Operations 
at mines 1 to 55 are described in progress reports 1 to 5, inclusive. <A summary of 
performance of mines 56 to 67 is given at the end of this report. 


Mine 56 


Mine 56, situated in west-central Pennsylvania, is opened by three drifts and 
four shafts. Mainline haulage is performed by a rope hoist operating in an 8,000- 
foot slope in the coal. This slope follows the 3-1/2 percent regional dip to the 
west. Empty mine cars and the hoisting rope are returned into the mine by a trolley 
locomotive. Two ventilating fans, operated exhausting, furnish about 215,000 cubic 
feet of air per minute circulated through 17 air splits in the mine. 


The Lower Kittanning coal bed, which averages 39 inches thick in this area, is 
mined, The coal is overlain by 6 to 8 inches of bone coal, which is left in place to 
provide a firm roof. A firm dark shale averaging 8 feet thick, overlies the bone 
coal. This shale, which is absent in some areas, underlies a thick massive stratum 
of sandy shale. At present, the operating sections of the mine have an average 
cover of nearly 600 feet. The bottom is interbedded thin strata of fire clay, bone 
coal, and shale (see fig. 9). 


Operations at this mine are completely mechanized, and 3,000 tons of raw coal 
are produced daily in three 8-hour shifts. 


Mining Method 


Mine 56 was opened in 1915, and hand loading was practiced until about 1930. 
All operations now are mechanized, and the room-and-pillar system of mining is fol- 
lowed and pillars are extracted. 


The mine is developed by multiple main and panel entries, which are driven 16 
to 18 feet wide on 60-foot centers. Main entries are driven in sets of five, with 
crosscuts on 80- to 90-foot centers. Panel entries, driven in pairs, are turned at 
right angles to the right and left off main entries (see fig. 10). Sixty-foot bar- 
rier pillars separate main entries from the first rooms in panels. Pillars between 
the first and second outby rooms in panels are left unmined to provide auxiliary 
main-return air courses after mining in the panels has been completed. Usually, one 
panel is mined at a time on each side of the main entries. 


Five operating units are engaged in developing panels and pillar extraction in 
panels, five units in main-entry development, and two units in the extraction of 
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Figure 9. - Section of coal bed, roof and bottom rock at mine 56. 
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Figure 10. - Mining method at mine 56. 
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main-entry and barrier pillars. Each panel unit comprises 11 men, 1 mobile loading 
machine, 1 cutting machine, 1 drill, 2 shuttle cars, and 1 belt conveyor. Three 
entry development units employ 6 men, 1 mobile loading machine, 1 cutting machine, 
1 drill, 1 shuttle car, and 1 belt conveyor; one unit uses 4 men, 1 chain conveyor, 
1 cutting machine, and 1 drill; and one unit employs 5 men, 1 continuous mining 
machine, 2 shuttle cars, and 1 belt conveyor. In main-entry and barrier pillar ex- 
traction, each unit comprises 4 men, 1 chain conveyor, 1 cutting machine, and 1 
drill. Chain conveyors discharge coal directly into mine cars. Only operations in 
panel development and the extraction of pillars in panels are discussed in this 
report. 


Pillar Extraction 


At the time of this study, about 35 percent of the coal produced was from pillar 
mining and 65 percent from entries, rooms, and crosscuts. However, about,70 percent 
of the coal produced is from pillar extraction and panel development and 30 percent 
from main-entry development. 


Each panel is 1,500 feet long and 660 feet wide and comprises 25 to 27 rooms on 
each side of the panel entries and a 60-foot barrier pillar adjacent to the main en- 
try. Rooms are turned at right angles off the outby entries as they are advanced. 
Rooms on 55-foot centers are driven 32 feet wide to a depth of 265 feet. As soon as 
a room has been driven to depth, the pillar between this room and the preceding room 
is extracted. When mining of a pillar is begun (pillar between rooms 5 and 6, fig. 
10), the fourth room inby the pillar is turned (room 9, fig. 10). Mining one set of 
room pillars and the development of the next three inby rooms are carried on at the 
same time. However, the three rooms under development are at different depths (rooms 
7, 8, and 9, fig. 10). During advance mining, about half of the room pillar next to 
the entry is left unmined, This pillar is recovered on retreat from the panel. 


During retreat mining in a panel, a third entry is driven toward the main en- 
tries (entry C, fig. 10), and this entry is advanced one crosscut ahead of the last 
operating room. In retreat mining, the same method of room development and pillar 
extraction used in advance mining is followed. However, in retreat mining, the 
entry chain pillars and room-pillar stumps left in advance mining are extracted 
(pillars between entries A, B, and C, fig. 10, and room stumps adjacent to entry A). 


Room pillars are mined in successive operations beginning with the inby pillar. 
These operations are executed in a definite order as illustrated alphabetically in 
figure 11. As an example, pillars A and A’ are mined first. Then pillars B, C, D 
and D'; E and E'; and F and F' are mined. All room and entry pillars are extracted 
in the same order. 


Extraction of a room pillar, which is about 60 feet long by 23 feet wide, con- 
prises two operations. The inby half of the pillar is removed by first mining a 
pocket as shown in figure 11, cuts 4 and 5, pillar B. In cut 6, the pocket is com- 
pleted and most of the fender is removed, A stump of coal less than 8 feet square 
remains unmined. The cycle then is repeated in the outby half of the pillar as 
shown by cuts 7, 8, and 9, pillar C. Thus, most of the two fenders are removed by 
cut 9, leaving two small stumps of coal. These.stumps soon crush and usually part 
of this coal is recovered without cutting and blasting. 


An operating unit in a pillar section comprises 11 men, 1 loading machine, 1 
cutting machine, 1 drill, 2 shuttle cars, and 1 belt conveyor, The men are classi- 
fied as follows: 
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The cycle of operation in a pillar section follows: 


1. Cut and set safety posts. 
e. Drill. 

3. Charge and blast. 

4, Rock dust. 

5. Extend line brattice. 

6. Load coal and timber. 


1. Cut and set safet osts. - The coal is top cut with shortwall machines 
equipped with 6-1/2-foot cutter bars. The cut is made in the top of the coal bed 
immediately below the bone-coal roof. Cutting machines are transported on crawler- 
mounted trucks. The two-man cutting crew also sets temporary safety posts, which 


are placed on 4-foot centers about 1 foot from the face, 


2. Drill. - Four to. seven holes, depending upon the width of the coal face, 
are drilled 6 feet deep near the bottom of the coal bed. The coal is drilled by one 
man with a hand-held electric auger-type drill. 


3. Charge and blast. - Holes are charged with four cartridges of permissible 
explosive that is detonated electrically, one hole at a time. A certified shot 
firer is in charge of charging holes and blasting. An average of 4.25 tons of coal 
is produced per pound of explosive used, 


4. Rock dust. - Working places are rock dusted by hand immediately after the 
coal is blasted. 


5. Extend line brattice. - Air is circulated to the working face by means of a 
line brattice that is secured to a row of posts and extended after the coal has been 
blasted. This work and rock dusting are performed by the timberman. 


6. Load coal and timber. - Coal is loaded into 3-1/2-ton cable-reel shuttle 
cars with crawler-mounted mobile loading machines. The crew comprises an operator 
and helper. The helper places permanent props, which are installed on 4-foot cen- 
ters, during the time the loading machine is cleaning up the fall of coal. 


Shuttle cars transport the coal to the panel entries and discharge it onto 26-inch 
belt conveyors. These belts discharge the coal into 4-ton mine cars at a loading sta- 
tion on the main entry. Mine cars are spotted for loading with an electric motor- 
driven car hoist. Loaded trips are transported to the main slope by trolley locomo- 
tives. Mainline motor haulageways are bottom-brushed to provide a minimum clearance 
of 5 feet above the rail. 
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Roof Action 


All rooms are timbered systematically with posts set on 4-foot centers in rows 
4 feet apart to within 1 foot of the face. A 12-foot roadway is left on the left 
side of the room. The same system of timbering is used in all pillar mining. Where 
necessary, crossbars are used on haulageways. Posts are not recovered and are al- 
lowed to break as the bottom heaves and roof subsides after pillars have been removed, 
One row of posts is set along each side of the conveyor belt in panel entries, 


The roof is bone coal, which is overlain by thick beds of firm shale and sand- 
stone (see fig. 9). This roof does not break immediately after pillars are removed. 
The thinner and softer bottom beds heave as the pillars are drawn, and this action 
breaks the props in the mined area permitting the roof to cave after large areas 
have been mined. 


Owing to the roof and bottom action, the mining system is planned to keep pillar 
mining concentrated and a minimum area opened by room development in advance of pil- 
lar mining. This system requires continuous operation so that the rate of retreat 
is fast enough to keep ahead of bottom heaving. This is necessary to maintain enough 
height for movement of equipment and to avoid effects of squeezes that often develop 
during intermittent operation. 


Each unit foreman is responsible for maintaining the proper mining sequence and 
for all mining operations in his section. 


Recovery 


An average of 96,000 tons of raw coal is recovered from a standard-size panel, 
which includes the 60-foot barrier pillars along the main entry. These pillars are 
not mined with the pillars in the panel. Based upon this production and the area in 
a panel, the average recovery in panels is estimated at 85 percent. 


Most of the main-entry barrier pillars and chain pillars are recovered on re- 


treat from a mined-out area. Over-all mine recovery, estimated from areas in which 
mining has been completed, is about 75 percent. 


Classification of Employees 


Classification 


Mechanized units: 
Loading-machine Operators .cccccccccccccrcvccvccccccecvcecs 
Loading-machine helpers wscccrcrovcccsccsvvcvcccccvccsene 
Cutting-machine operatorS ..ccccccccceccavecesccscccceces 
Cutting-machine helperS ..ccrccccccvcc&lorvccvccccssesccse 
DET EVOPS © iid asesn G6 e5ee 6 eere eel elel ave 0.w oie 6 winie64'e Sis b-U ON areas eeies Ss 
Shuttle=car Operators ceccccesecccesescvscvessscsecccsese 
HOG LASTS: sovase:e ie aide wG0cd 620 w 6 e666 Wie es 6-05 Wie Osis we oe wie er Sas 
Belt Operators ccccccccevcccccccccccccccccvccscsccccceece 
DECt1LON:. FOTEMEN: 6:68 6 ssc es Swick Swe pee ews eee eon ews 6% 
MOCHENT CS: save :0are6 6 wc6 wee 56 hie tose We 00.6 06 Ore Wiere 3c 0 0 Se 666 we we 
CONVEYOF MOT ceccccccccccvccccccccccccscsceevevcsccscaces 
Conveyor FOTECMEN ..crcccccccscvescccccvsevensvesecesecsecs 


i ae 
HK MUONOW 000 FO 


Ry 
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Other underground employees: 


Surface employees: 


Supervisory employees: 


Classification | 3d | Total 


MOU GPMCO. iso 54-6 venwsacee aie, Ge eter eso S58 Sew eae See ees ree ee 
Motor bosses (dispatchers) ......... seein etal eevee ai eeousen ee tues 
PPE CHMOU: ie c5goa.h Myers Siero cor kile co aes ied to ae, SOS ne as ote eee we wees 
Drad Meee MOD. 6.5:6: Swe eevee adie avece Gia are aie wk Cee Ace 6 Ow Wel ee wees 
VOENC1 TAG LOM MENe ic ei esiwiccte eres ece olen eee eae wes ee ew wee aes 
DIMDC TMC: 6 le ie. acere-% atin ew hrs, Sie saab teverw bi ane la eer erate alee een lane 1e-e 
Cleane=up men. rock). qisdessh/ociceeScde8< Sede See eeeseesees 
WI OMON™ Sede so e.so oe cae ewe epano oe Beisel oh one ee ae Ne 0s wee oe wiees 
MOCHA 7 CB iy ce. w. 15a cuore ace lew ia oe ses a wae Were 6 Wise a Stes 
BTC! DOSS CS) aig ecw. 5-C iW wwhce Gk Sa oe 6S! Oras W wien be ah woos bel bees ww eer 
ASSISVTaNnt: POremMen » 6.5 iks 6 wine bwrewe:e 6 60 5.6 6S 0S Nw wie. ee Owes 
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HOLSGCINg EnPINeeSrs - pce Sp cesses wane 0.6 wh we Ow ws Tee ere eee 
WSS TMS gua se: Wissssca bai ews, G0) as a eve) 0 eve vase) wee ie Vara Tere 00 hie ves wt we Sve 
Dumpers: “and. Helpers 26s: 5 vows wie v-6 4-0 We. G0 000% Wied ws 00-S eR 
Railroad-car shifters and helperS ..ccccccccsvccccccccces 
USY COUDLELS:: <6. 5 warn. scG oie Gow ONO SS Wie ww ES arewe soe ieee 
Dye) cacua cpio) <-> gaara a are a aaa eee ee eee ee eee ee ee ee ee ee 
Cleaning plant MeN sisc.a6 6006 6v0e 0 oe OVS 000006 6 se ewe 6 e's 
Cleaning: plant -f OVEGmen:. oa: 0is6:0'swiewie esas 0 e500 w el 6 Was tie ew Kae 
IRE DEA MCMC, so -w 25 ve: 5:16.55 cease te ve0 Wr wire ’e ee woah 1, es wie. 0. Si eso veiw Wee ww ee eves 
COr* Epa t PMST 5 6:5: vse. wine se Wie Wate W lene & Sue ed. Whe WE Wee OO WO ee ee 
BLACKS In CIS spice e:fe eice arb cay Gn Wie. Owe G00 a eee es wr walle Rowe ee esa wre ee 
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Lampmen @®eeeeeeoeoeoeeeoeeseseeseeeoesemweseeeeweesvseeeseenweoaseeeweeseeensneneseoesds @ 


WE GCCOMANY 15-556 forecd Gite<aieca\ eel wi Gru lsee ave tea ate Layee ae te a wer wh ae we ace oe 
Tipple. LT OFremeGn 4 sa.siace 4i0re-sce ace ee ae Sa wb Sie Ween Baya wees 2% 
UAYPDENECTS: :4/s%.ésere ee © aed Waweie we aww 0s, 0058 0 ere wee eke Se ea 
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Superintendent @es@eeee@eeseeaeeeovovweeve@eesesvaeeeaeseeseeseeeseesveseweenweentensestdese 
Mine foreman @®eease@oecoeauagvse@ @ooeeveeovoenveseewoeseeaeenasesseeaeaesee#esteaeeeae se @ 6 


Engineer @®eeeeaeseeeaoeeenwsoeoeeeoaseoeaeseesee@sesseeaeeeaens,esnesevneoaenw7 2easees eo 8 


Master mechanic Fetes aig lOt .e cases at san coh encase, Ua asin a dacatiar aaa Toate esa ae 


Mine clerks @eeeseseoseevee ecoeeeveescoeveeevoeevesoeoevseeveovoeveeeeeeeveoeneeeea eee @ 
Shop foremen @®eeeeoeoeoeae@ecaeaoevseeoeveeeevee@seoaeseoaspeoeseeseeeeneaeeoeaespeevseeseee 


Total @eseeeseeeeeeesieeseeosoespeoeswsesveseasesaeoaeeesaevwe@a@sns4aeeseseeeeneene02ede 


Total employees ere eee re ee eee ee eres @esees8e e@9ee0eoe2x2nees 8 
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Figure 12. - Section of coal bed, overburden, 
and bottom rock at mine 57. 
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Man-shif ts: Der GAY ,. PANELS - 6 ac:06:ccs-w 40.004 6-00 CH 6 066 45d CONS WOKEN OWS Oe es 110 
Average production per man-shift, panels, tonS ..ccrereccscccsesccsccece 19.1 
Man-shifts per day, mechanized units, in panels, entry development, and 
Bain-entry: pillar Extraction: %bsvwisabsseetiuwacceeesieee sn cawesw wees 214 
Average production per man-shift, mechanized units, tonS ......ceeeeeee- 4.0 
Total man-shifts per day, underground ...ccccccccccccccccsccccccccccccce 324 


Average production per man per day, underground, tonS ..cccccccsccccccces 9.3 
Total man-shifts per day, surface and underground ...c.cccccerccccccccvces LOS 
Average production per man per day, CONS .irenenerccecscccccvescccsvesens 7.4 


Hours per shift @®eeeeeaeeeaoseeaeeseee@eweseceoeeeoensvseneespeseseeeeeeeseeeeeoeseeeeensesesseeenoeseee@ 
Average production, raw coal,per pound of explosive, tonS ..cccccccecese 4.25 


Estimated recovery in panels, percent @eeeeoee7ereoeeasn7oeeeeen7ee#seeveeeeseeeeeseespesseoeesesees 85 
Estimated over-all mine recovery, percent wrcccrcccccvvccccccccccccscces 15 
Mine 57 


Mine 57, situated in west-central Pennsylvania, is opened by two drifts and 
one air shaft. One drift is an intake airway and main haulageway; the other drift 
is the main-return air course. The ventilating fan is operated exhausting and cir- 
Culates 26,000 cubic feet of air per minute in one continuous circuit through the 

e. 


The Lower Kittanning coal bed, which averages 32 inches thick in this area, is 
mined. The coal is overlain by 4 inches of bone coal that falls with each cut of 
Coal. Bone coal is either gobbed in the mine or hand-picked at the tipple. A firm 
stratum of shale, averaging 16 feet thick, overlies the bone coal and provides a good 
es for mining. The shale in most areas is overlain by a 12- to 1k-foot stratum of 
ae hia and this sandstone is overlain by shale strata that contains several thin 
thickn coal. The average overburden in working sections of the mine is 150 feet in 

ckness. The bottom is fire clay or soapstone (see fig. 12). 


i 4, erations at this mine are completely mechanized, and 600 tons of coal are pro- 
d dally in two 8-hour shifts. 


Hining Methoa 


see 27 was opened during World War I, and hand-loading was practiced until 
lowed a were mechanized in 1946. The room-and-pillar system of mining is fol- 
Pillars are extracted. 


60-toot, nine 1s developed by multiple main and panel entries, which are driven on 

Main entries . 2 Main haulageways are 12 feet wide and air courses 25 feet wide. 

Or 80-foo¢ Rhiet driven in sets of five, with crosscuts turned at right angles on 70- 

two Entries ee - The middle entry, which is equipped for track haulage, and the 
Tways , tthe the right, are intake airways; the two entries to the left are return 

{gles of el entries » which are driven in sets of three, are turned at right 

the Pirge main entries, seventy-foot barrier pillars separate main entries from 

Mined to provi panels. Pillars between the first and second rooms are left un- 

(See fig, de G@uxiliary main airways after mining in the panel has been completed 

Provide a cle Tooms 1] and 2). Main and panel entry haulageways are top brushed to 

france of 6 feet above the rail. 


.,. Iwo 
Pillarg ni shen loading units are engaged in developing panels and extracting room 
Leag ls, one mobile loading unit in main entry development, and two 


a 
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conveyor units in the extraction of panel entry chain pillars. Each mobile loading 
unit comprises seven men, one cutting machine, one drill, one mobile loading machine, 
and an assembly of four to seven chain conveyors. Each conveyor unit comprises three 
men, one cutting machine, one drill, and one shaking conveyor. Only operations in 
panel development and extraction of room pillars in panels are discussed in this 
report. 


Pillar Extraction 


At the time of this study, about 7O percent of the coal produced was fram pillar 
extraction and panel development and 30 percent from main entry development. 


Panels average 1,400 feet long and 600 feet wide and each comprises 27 rooms on 
each side of the panel entries and a 70-foot barrier pillar adjacent to the main 
entry. A set of panel entries is developed before rooms are turned. Rooms are 
turned at right angles off the airway entries and are driven 28 feet wide on 50-foot 
centers to a depth of 240 feet. Rooms are driven to this depth because room con- 
veyors, when fully extended, are 300 feet long. The outby rooms are mined first, 
beginning at the outby end of the panel and advanced as shown by room numbers in 
figure 13. Inby rooms are mined then, beginning at the inby end of the panel and 
retreating toward the main entries. A set of three rooms is driven at a time. After 
three rooms are developed, the pillars between them are extracted before the next 
three rooms are developed. Thus, three room conveyors and one entry conveyor are 
required for extraction of room pillars (see fig. 14). 


Room pillars, which are 50 feet long and 22 feet wide, are extracted in succes- 
sive operations, beginning with each of the inby pillars. These operations are exe- 
cuted in a definite order, as shown alphabetically in figure 14. For example, inby 
halves of pillars A, B, and C are mined first, as shown by the cutting sequence, Then 
the outby halves of these three pillars are extracted. Following the complete removal 
of pillars A, B, and C, pillars D, E, and F are mined. All room pillars are extracted 
in the same order, and the cave-line of three retreating rooms is parallel to the 
panel entries, 


The inby halves of three pillars are removed by first mining small pockets (see 
fig. 14, cuts 1, 2, and 3, pillars A, B, and C). Cuts 4, 5, and 6 and 7, 8, and 9 
follow to complete the operation. A stump of coal 6 feet square remains, but this 
stump is later drilled and blasted and often partly recovered. The cycle is then 
repeated in the outby halves of the pillars as shown in figure 14, cuts 10 to 18. 
The outby half of room pillars next to the entry is left unmined during extraction 
of room pillars. These pillars and entry chain pillars are recovered after all room 
pillars in the panel have been extracted. An operating unit using shaking conveyors 
is employed for this work. 


A mobile loading unit crew in a pillar section follows; 


Loading-machine Operator .ccrccccccvecvecccccsccsecees 
Loading=-machine Nel per’ -siow cece Wee swe sees sews eee 
Cutting-machine operator and driller ....ccccccccces 
Cutting-machine helper and driller ...cccccccccvccecs 
DAOC STAVE dsccrueaveeiia guide Wow ewe wou raw whee nae ees eae 
DAMS TAM. :6cei'e gina @sbveterareres aie eis ard beiees etnias eee W Oe Oe. be arava 
Conveyor and hoist operator .ccccccccccccnsecccccces 
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The cycle of operation follows: 


1. Cut and drill. 

2. Charge and blast. 

3. Load coal. 

4, Timber. 

5. Shorten (or extend) conveyors. 


1. Cut and drill. - The coal is bottom-cut with shortwall machines equipped 
with 7-foot cutter bars. Cutting machines are transported on crawler-mounted 
trucks, After the cut has been made, the two-man cutting crew also drills three 
or four holes, depending upon the width of the working face, These holes are 
drilled 6 feet deep near the top of the coal bed with hand-held electric auger-type 
drills. 


2. Charge and blast. - Holes are charged with permissible explosive that is 
detonated electrically, one hole at a time. A certified shot firer performs the 
work of charging holes and blasting. An average of 11.0 tons of coal is produced 
per pound of explosive used. 


3. Load coal. - Coal is loaded onto chain conveyors with crawler-mounted mobile 
loading machines, The loading crew comprises an operator and helper. The helper 
Shovels spilled coal, gobs bone coal, and sets temporary safety posts during the time 
the loading machine is cleaning up the fall of coal. During room development, the 
crew loads about 30 tons of coal per shift more than during pillar extraction. How- 
ever, the average production over an extended period of time is about 90 tons per 
shift, about the same production that is obtained by mobile loading units in entry 
development. 


4, Timber. - During advance mining, two rows of props are set on 4-foot cen- 
ters along the right side of rooms and air course entries to within about 5 feet of 
the face. A single row of props is set on each side of chain conveyors. During re- 
treat mining, two or three rows of breaker posts are set on 2-foot centers across 
the rooms, and the rows are extended along the inby ends of cuts in pillars as they 
are made (see fig. 14, timbering details). These props are not recovered but are 
permitted to break after the inby half of the pillar has been mined. A new set of 
breaker posts is installed at the inby end of the remaining half of the pillar. 
Crossbars are used on haulageways, where necessary. 


5. Shorten (or extend) conveyors. - Conveyors are assembled in 6-foot sections 


and are extended or shortened one or more sections at a time as needed, During room 
advance, one section is added to each conveyor after each cut has been loaded, During 
retreat mining in rooms, conveyors are shortened after a portion of a pillar has been 
extracted by the usual three cuts. This work is performed by the timberman and shot 
firer, 


Roof Action 


The thick stratum of shale overlying the bone coal provides a good roof, and 
little trouble from roof falls is encountered in advance mining. However, the shale 
breaks readily and freely in any direction after breaker posts have been installed 
along the outby side of a newly mined area. The overburden subsides slowly but 
8teadily after a portion of a pillar has been extracted. The breaker posts bend and 
Boon break as the weight of the roof increases. The roof over the newly mined area 
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is then supported at the outby end by coal pillars and breaker posts. Under the 
cantilever action produced, the roof breaks at the new breaker posts and caves in 
a Straight line parallel to the entries across three rooms. Caves were observed 
to be high and apparently include the stratum of sandstone overlying the immediate 
Shale roof. Bottom heaving often occurs when working places in pillars are per- 
mitted to stand idle for an extended period of time. If parts of pillars remain 
unmined because of premature falls, the weight of the roof is carried over to un- 
mined pillars and squeezes result. Under the present system of mining, only three 
rooms are open at a time, and the small number of working places requires rapid re- 
treat during pillar extraction. 


Recovery 


In a standard-size panel, about 65 percent of the coal is mined from entries, 
rooms, and crosscuts, and 35 percent from pillars. It is estimated by the company 
that 90 percent of the coal in those pillars mined is recovered. However, barrier 
pillars adjoining main entries and the room pillars between the first and second 
outby rooms are not mined with the panels. Therefore, including these pillars in 
the panel area, recovery in panels is estimated at 85 percent. 


At the time of this study, the extraction of panel entry chain pillars and room 
stumps was lagging. Some panel entries were being maintained and used as drainage- 
ways and short-cut haulageways. Also, the present system of mining has been in ef- 
fect for only a short time. These factors make it impossible to arrive at an esti- 
mate of over-all mine recovery under present mining methods, 


Classification of Employees 


Classification Total 
Mechanized units: 

Loading-machine operators wcccccscccrcsccsccccsccesscccccsccese 3 3 6 
Loading-machine helperS ...ccscoee eccceccceccccccccsccsccsesees | 3 3 6 
Cutting-machine operators and drillerS ....ccccccccccncsccnccces 3 3 6 
Cutting-machine helpers and drillersS ..sccsccccscccccceccevccces 3 3 6 
SHOU TATOCES ds sikiwie keh oe ewe wales O66 OSs oe SA ew ORR ee 3 3 6 
AMD TINCT: 25.5: 6:5 as siesee ere re ose eve @ bia oS alow SE AES ASS Ae OO Re Oe ere eee 3 3 6 
Conveyor and hoist operatorS .a.csccccescccccvscccscecscccceseses 3 3 6 
Conveyor men (hand-loaded conveyors) ...ccccccecccccccccccceses 6 6 12 
BOP OMCs 5 5 dca OS day bse ao ee eee eis evs bw RNS Ow WS WSR a BSG 1 1 2 

POUG I: x:sleaeicds. cua ae baths oes deatne cee sb aen See eaied a eauaeeee Se 26 20 

Other underground employees: 

MOON i5625.0ve aid Wee0e 7a. We wo 6 ws Wield Ke o.S8 OS Rew Osh Oe Ge we ww ee 2 4 
BYakemen 40:5. tc6-t75 oo 6e-aoses His ono So Oe he we we eR ee WIS 1 2 
Verit Tat lon “Man: gic is ioe ece soe e-6 wees Sara: o.sterd Wied 6:5 5 0a is OS o Wie ie eS wa eces 1 1 
PPA CHING: <.456, 6 vateerhei5 a Ow. W RW oS Giles wie Reo W aa ou olee ee Blew ere oie aie wes 2 2 
TAMD CG PMA co Ggs-ow ooo wee 160 626 a6 wees werd ele a lese Wacom ISS wR nie ee Oba Sow 1 1 
1: (90) gi): a ee ee 1 BE 
SPORES CL esse ioe sw aie 5a 6 0 ee S oie We a we Sires Sw be he we bw ewes aie 1 1 
POPEMICN: 4.0s@es-w tte ne © We 68 Sle eo See be Beles wane 8 aes SEO eae ws 1 2 

Mt Ls «erase oie avin ce Giese eG 55 0G oh Rare leew a Se eibre 3 erate @ ewe aoe ecu 1 

Total underground employees ...crcccccvccccccvccecccesecccocs 38 70 
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Classification Total 


Surface employees: 


Dumpers And. Helpers 65 wis ook 6.5566 6 sso Se 6 e we wie ee eos eR 2 5 
DITt PICKeys: 4:46 0626 Gatde.a' os Giese esl SS Siw re UR oS ROSES ees 1 2 
Cleaning plant. Operator oii iiccdioces.a hiv sec ose hese ee eealenes - 1 

DOCG Labia eters eceieid aera Bee Ge oe & Ore Sa EES RS A OR ROR One ee 9 


Supervisory employees: 


3 
i; 
1 
1 
i. 
1 
i 
eee Se 
Ea 


DUDETINGENGENG. 2 bvecciasc water’ 6i6b eww oie erate, ea acai SS, wee ere weer 1 

SCOPE TOM CLOT 5 co 55sec oo Ws 060 Gre te aie 6G 00s hw owt w 10 Www areas Sw 0c 6yS ase ave 1 

OLE ICO CLERK. i: 5. ota ee owen 0: eseisre Wie 62.5% Gud w ee bh ae ware bares eee awe Ere 1 

DOC 16 where: 5.0, bre WS asa erbrerw GaSb orn oie 6 Wei Wb ee are wc hee eS oes 
TOUR) CMP LOVOCE: v6 6 abies eters 6 etasea We Wield WoW e ais be ew 6 wise BSS oy 

Summary 
Percent: Of ‘Mine: MECNANLZ EG. 6.6.0 sc s-cceve bara ce: wee ee wigs ee ae WO aw betes Cae seeewe ae 100 
Average daily production, raw coal, tond .....ccccccccccccccccccccccsccccccess 600 
Average daily production, mobile units in panels, raw coal, tonS .....eccscees 360 
Average daily production, mobile units, panels and entry development, raw 
Average daily production, conveyor units, raw coal, tonS ..ccccccccccccccccece 60 
Average number man-shifts per day, mobile units in panels ......cccccccecccecs 28 
Average daily production per man-shift, mobile units in panels, raw coal, tons 12.9 
Average number man-shifts per day, mobile units, panels and entry development. ho 
Average daily production per man-shift, mobile units, panels and entry develop- 

MENU, -TAW COAL, “CONS. 160.6 ois eis 3.66%. 8 whats Joe's we tre ae bese ee Cees tbe awe eeeee, Le 
Average number man-shifts per day, conveyor UNItS .....ccccccccccscccccccccees 12 
Average production, conveyor units, raw coal, tonS ..rcccccccccccccccccccecsess D0 
Man-shifts per day, mechanized units, panels, entry development, and entry 

DITAr Extract Om sic aseweiiaec Svea. weivreale ren os Sale Sra eb. oe ceeaae seas 56 
Average production per man-shift, mechanized umits, tonSd ......ccccccccccsecses lO.7 
Total man-shifts per day, Underground ..cwcrccccvcccsvccccccccscccsccsesevvccecs 70 
Average production per man per day, underground, tonS ...cccccrcocccceccsecseser 8.6 
Total man-shifts per day, surface and underground .....ccccccccccrccccccscccer 82 
Average production per man per day, tOnS ..c.cccccccncsccsccccveccccccsessccssecsess ed 
HOUrA per BOUCE: so2. os. hci Cancale ck 46208 2se 6 35 ew ob Sse sa eS elere Re wee ee ne acieie 8 
Average production, raw coal, per pound of explosives, tonS ...crcccccccecsesee 11.0 
Estimated recovery in panels, percent ....ccccccccccccccccsccrcccsccccsscccces 85 


Mine 58 


Mine 58, situated in western Pennsylvania, is opened by two haulage drifts and 
an air course drift. The two haulage drifts are intake airways; one is used for 
transporting loaded trips of coal and one for returning empty trips. The ventila- 
ting fan is operated exhausting and circulates 40,000 cubic feet of air per minute 
in two air splits in the mine. 


The Upper Freeport bed, which averages 63 inches thick in this area, is mined. 


Two shale partings, each about 3 inches thick, occur 6 inches and 26 inches above 
the bottom of the bed. The portion of the bed mined comprises the two upper benches 


L648 19 = 


Google 


of coal and the upper parting. The lower parting and the 6-inch lower coal bench 
are not mined (see fig. 15). The coal is overlain by 6 inches of bone coal that 
falls with each cut and is loaded with the raw coal. A 3-cell Baum-type jig washing 
plant is used to remove shale, bone coal, and other impurities. A hard, massive 
stratum of shale, ranging from a few inches to over 8 feet thick, overlies the bone 
coal in some areas. This shale is overlain by a thick stratum of sandstone. In 
some areas, the shale is absent, and the bed is immediately overlain by sandstone. 
The overburden in operating sections of the mine averages 200 feet thick. Gentle 
dips and rolls occur locally in the mine, but the coal bed generally is flat lying. 


Operations at this mine are completely mechanized, and an average of 1,821 
tons of clean coal is produced daily in two 8-hour shifts. Average daily production 
of raw coal is estimated at 2,017 tons. 


Mining Method 


Mine 58 was opened before World War I, and hand loading was practiced until 
operations were mechanized in November 1945. The room-and-pillar system of mining 
is followed and pillars are extracted. 


The mine is developed by multiple main and panel entries, which are driven 15 
Feet wide. Main entries are driven in sets of four on 75-foot centers with cross- 
cuts turned 60 degrees from the haulage entry on 75- to 100-foot centers. Panel 
entries are driven in sets of three on 60-foot centers and are turned to the right 
and left off the main entries. Main entries are separated from rooms in panels by 
250-foot barrier pillars (see fig. 16). 


Three mechanized units are engaged in ptllar extraction in one panel and a 
fourth unit in panel entry development. At the time of this study, main entry de- 
velopment was well advanced and had been temporarily suspended. 


Pillar Extraction 


At the time of this study, about 80 percent of the coal produced was from room 
development and pillar extraction in panels and 20 percent from panel entry 
development. 


Panels, including 250-foot barrier pillars along the main entries, average 2,000 
feet long and 620 feet wide. Each panel comprises about 30 rooms turned at right 
angles off each side of the panel entries during retreat mining. Rooms are turned 
on 60-foot centers and are driven 20 feet wide to a depth of 250 feet. Room cross- 
cuts, 20 feet wide, are turned at right angles on 60-foot centers. Four rooms are 
always under development on each side of the panel entries and are at different 
depths (rooms 21,- 22, 23, and 24, fig. 16). During the development of these rooms, 
pillars in the four preceding rooms and the panel entries are extracted (pillars A 
to J, fig. 16). These pillars are extracted to form cave lines 45 degrees to the 
entries. After pillars A to J have been extracted, development of rooms 21 has been 
completed, Then, mining of pillars A-1 to J-1 and development of rooms25 are begun. 


Each of the three units working in a panel is assigned its division of the work. 
For example, unit I is assigned to the development of the four rooms on the right 
side of the panel and to the extraction of pillars H, I, and J; unit II to the de- 
velopment of four rooms on the other side of the panel and extraction of pillars A, 
B, and C; and wit III to the extraction of pillars D, E, F, and G. Unit III is 
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Figure 15. - Section of coal bed, roof, and bottom rock at mine 58. 
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Figure 17. - Pillar extraction and timbering at mine 58. 
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assigned less work and, therefore, often mines some of the pillars assigned to the 
other two units. Unit operation is regulated to keep the pillar line in balance at 
all times, Shuttle cars assigned to units I and II discharge onto the chain con- 
veyor from crosscuts along the side of the conveyor. Shuttle cars in unit III dis- 
charge onto the chain conveyor at the inby end of the conveyor. When the pillar 
line reaches the first crosscut inby the chain conveyor, the conveyor belt ig 
shortened and the chain conveyor is moved about 150 feet outby the pillar line. 


Pillars comprise blocks of coal about 40 feet square. The method of extraction 
generally practiced is shown by the cutting sequence in pillar C-l1, figure 17. Over 
half the pillar is removed by pockets cut from the room side of the pillar (cuts 1 
to 5). The fender next to the gob is cut through every alternate cut, and a similar 
pocket is mined from the outby crosscut side of the pillar (cuts 6 and 7). The 
small block of coal remaining is then mined (cuts 8 and 9), the large triangular 
stumps are blasted, and the roof over the mined area crushes the small fenders, 
breaks the Props, and caves. 


: A unit in a pillar section comprises 1l men, 1 rubber-tired universal-type cut- 
ing machine, 1 hand-held electric auger-type drill, 1 crawler-mounted mobile load- 
Ing machine, and 2 cable-reel shuttle cars. The men are classified as follows: 


Loading-machine operator ..ccccccrcccccccvccccaccces 
Loading-machine helper ...ccccccccvvccccvvecsccccce 
Cutting-machine operator and driller .......ccccoces 
Cutting-machine helper and driller .....ccccccvcces 
shuttle=car Operators: 4666ss0iiese ie ness eosecows es 
LIMDOPIEN .. osdiga Nie eeis 4610/0 PEGG wl bls e ON a Rw ow wo CS Sew oles 
SMOG LATOR! c:bibe-s sce oye Greer Ss... SA Gere WW 6 We wae aw eawers 
Belt: OPETACOr 6s 6é6< 60-0 6 0'oe oid re ieee weet osteo 


Foreman @eeeoeeoeseneeesveeseenve@eesveaeeeeeeeseoeeeeoeeaeeneeeeeeeneeve @ 


| aod 
i nwa penen ens 


Total @eeeoeooseoesee ov vpoeeeeeeoeeeeeesesvpeseoeeseeoesveoeeveweeee @ 


The cycle of operation in a pillar section follows: 


1. Timber. 

e. Cut and drill. 

3. Charge and blast. 
4. Load coal. 


Tow of pee. - A timbering crew of two men is a part of each operating unit. A 

advanced, ‘Ty set on 3- or 4-foot centers along the right rib of rooms as they are 
car Toadwa © rows of props on 2-foot centers are set on the inby side of shuttle 
yS8 at and near working faces in pillars (see timbering detail, fig. 17). 

Used on ha ede recovered and are allowed to break as caving occurs. Crossbars are 

&@eways, where necessary. 


rersal tye SRA drill - The coal is bottom cut and sheared with rubber-tired uni- 
> feet from tre ting machines equipped with 9-foot cutter bars. The shear is placed 
OF four ieee inby rib and extends from the roof to the upper shale parting. Three 
Cut on the yy tao o drilled near the top of the coal face. The hole next to the shear 
© side is angled toward this cut. Two snubber or breaker holes, 10 

Se holes “re qrilled on each side of the shear cut » just above the shale parting. 
tric augerpore angled toward the shear cut. Drilling is done with hand-held elec- 
Cles on the yPe drills. The power cables for these drills are plugged into recepta- 
Per shirt | Cutting machines. A crew of two men cuts and drills 10 to 12 coal faces 
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3. Charge and blast. - Top holes are charged with four or five cartridges of 
permissible explosive and snubber holes with one or two cartridges. The explosive 
is detonated electrically, one hole at a time. The charges in the snubber holes 
are detonated first, the center top holes second, and corner top holes last. A 
certified shot firer does the charging and blasting. An average of 5 tons of raw 
coal is produced per pound of explosive used. Fresh falls of coal are sprinkled 
with water to allay dust. This work also is done by the shot firer. 


4. Load coal. “- Coal is loaded into 4-ton shuttle cars with crawler-mounted 
mobile loading machines. One loading unit loads 10 to 12 cuts per shift. The aver- 
age production per mechanized unit per shift in the retreating panel is 260 tons of 
raw coal. The loading crew comprises an operator and helper. 


Two shuttle cars are used in each unit and these cars transport the coal by 
separate routes to a chain conveyor, which is a feeder to a 30-inch belt conveyor. 
The gathering belt conveyor discharges the coal into 4-1 /2-ton mine cars at a load- 
ing station on the main entries. Mine cars are spotted for loading with electri- 
cally driven hoists. Loaded trips are transported to the tipple by trolley 
locomotives. 


Roof Action 


The shale and sandstone roof strata break readily after coal stumps have been 
blasted. The props bend and soon break under the increased roof pressure. The cave 
line then advances to the solid pillars of coal. The direction of the break line is 
not important as the roof rock shears readily in any direction. Caves are high and 
apparently closed, as little or no evidence of subsidence can be seen on the surface. 
Bottom heaving and squeezing do not occur in this mine, 


Roof is controlled by maintaining short pillar lines. Systematic timbering and 
small stumps that are left in each pillar afford enough support to hold the roof un- 
til the last cut of coal has been loaded. The coal in this bed is friable. After 
the larger stumps have been blasted, the smaller fenders crush and the props fail. 
The overlying roof then breaks and falls. 


Recovery 


The coal bed in this area occurs in three benches, which have a total coal 
thickness of 57 inches (see fig. 15). The 6 inches of bone coal roof is of such 
poor quality that it cannot be classified coal. The lower 6 inches of the coal bed, 
which is laminated coal and shale, is not mined because this bench of coal is high 
in ash and sulfur. Therefore, about 90 percent of the total coal section is mined. 
Average recovery from the portion of the bed mined in standard-size panels, which 
include the 250-foot barrier pillars along the main entries, is estimated at 84 per- 
cent. Average panel recovery, considering the total thickness of coal in the bed, 
is about 75 percent because the 6-inch bottom bench of coal is not mined. The 
present method of pillar extraction has improved over-all recovery at this mine. 
However, the method has not been in effect long enough to provide enough data to 
compute over-all percentage of recovery. 
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Classification 
Mechanized units: 
Loading-machine OperatorB .cccccccscccccccccsscnevesccsece 
Loading-machine helpers ..ccvccccccccsccccvesccccvesesecer 
Cutting-machine Operators ..cccccccrcvccrevescsccccccscece 
Cutting -<machine Helpers: 666 asa.ssidse ts Se siew6 606% Oss Cowes 
PNOG4 TL 1 POMS 2s 6 s6.06-6 wehbe sie so7.6 © 6 Wile 0 wie 66 wee wow Oe ee ewe aes 
AMD ES PMO: 255: Sie sis5cce Sie: wi aera: Was ese ws OO. a We Gwin Gwe OSS wees s 


Foremen eeoeeoevoecevovpeaeec eaeonveveveeeeoseseeeveveeeaeseoaoevoawevee@oe eases oeoovneanennen7ea ee eee ee @ 


Shuttle-car operators e@eeeeeoeeeoeeeoenveeveeeeoeseeeseeeeensveosveev ee eee @ 
Belt operators @eseeeeoaovGeeoeseeseeeewpeeeaseoaeeeespeseoseeveseeeee oe ¢ @ 


Total esaeeeoeeoeeveeveeeseseveveeveeeeeesvseseovoe@eeseeaeaeweaeeeevseevneovev70e0e 0 8 8 


eororeree 
al a 
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Other underground employees: 


MOL OPMENT cio -o-wcatey-hiavesie tar ois: '6teu Oro erally e-eb-8: 0:0 e/a oS wera ewe wees 
STEPPE PS: ' 5 s-.o: b-io:ip: 6s tescererm aie esceceree ie ew su-o 0-6 or ee eres arere e's. e Sredio eres 
ip of (o).90 1, =) 6 | mE Ne an mem ge er eer ere ere ee ar 
WA POMON id: 5.655.646. GS hed. erate Bre ow See We Mee a eee wears, eee 
MECHA TCS: 56s sa hae Se es 6 OSCE O54 6 WwW 5S 58 Oa w OG 60S Cw ee we 
Mechanics” NDeElLpPers © occ cisis0aie 654.46 be ewe Sess o Be 06s ee a0 S08 eee 


Laborers eeeoesoeoeveeeeo eases eeaeeveoeeeaeevoeveeseasoeoeees Oeoaeeseeeevosveeseevneaeneee 8 @ 


NM ON FO FO 


Foremen eseeeoesvseeveseo ecevoaevesveveeae@eeseseeeseeeaseeveesmeaeesew~oceaese@spespeosp e202 eee 86 6 @ 


| 9 | eh 


Total eee@eeaeseeeeeeeeeeeoeeeeeseneeoaeeoeeeeeaeese@e eee eee eae esna ee @ 


Total underground employees @#eeeeceeeeseeeseeeoeeseeeoeneeeeeoeeese @ 


h 
mn 
mn 
h 
mn 
8 
mn 
8 
h 
2 
2 
2 
2 
3 
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Surface employees: 


DUM DO FS ~ io. 60 ei bin ose tow orb 6 Sew eee te Siw Gs alee ebb ele ee Se areca ew 
DAT SIMO TN: 2, acais bere nse wae ee ace So 6 ow a S500 Wiel leo Wi 6! 0s Sw iel ee aie we 
TLUCK (GPAVCT 5.5. ss S's 36 Sw CON OOA ww AWTS OAS CECE eS 
BLACK SIC: ia 5G e-e arse bade ee wee 0 0 WEB 00S WS D whee wee ie Sw wee 
Blacksmiths: NE LPCY 6:3-606.6) 6.6 G6 oo bss wae WR Gios Ges 0 Swe Oe 
WASDET- GDCTACOL: 065 i05666 06 806 8 Scorers wo 016 0 SOS owe oO ee e-e eas 
WAGHET MECNANICE? 6.6.6.6 eS 6w 65 ECAC W566 SS SWE 08S WOO SO ese 
CAT GPOPDEL ycieb: 6:6: o:6eya. biW SiGe Ww 6 Wee who WC Ow SO Ak BSL WE ewe’ 
CAF -C LOANE TS i iia io oe e.6- 0d 0a: E 6 We OOS WE SS SMe ee wwe 
TIppLe LTOTECMAD 6.66 5k oc. 6 ws si acee 6 060 'v.0's © see's ib S06 9 OS we 0a 


Sampler eoesvssvoeveveevvneveeeeen eeaeeevnewvseevssvssveasveaeveesovoeeseeoenenevneeveosve e008 @ 


OFPrFMORPNRFPRFPRPRPW & 


Total eseeaeeeeeveesveeoseseoseeeeveeaesvoaseeveasseveeeeesvnesvseaeveevoev ee eee vee 


Supervisory employees: 


DUPECTINCONGENE cc a:d6.56'b 056.48 bie wwe ee wise owU 08 Wee Sw Tew ees 
Master MECHANLC: iii i ickohis obese aos 0 b55 Ow OSES ewe eens’ 
ath) ¢: ree ee ee a eee eee ee ee ee ee 
SCOPE TOOM CLOIM 6565 hesie oso 665.00 00S Hwa OS Ne Uw SSeS 


Total eeoeo@eueevseoevseenveveeeeweoeoeeeeeeeaeeeeaeevseeveeeeeeveasvseoeneeneeneee ee 8 


Total employees @®eeeoeeoeoeeeseeeaeaewnensneeaeeaeanegeaeeaeen#ea@asdseoeeeeoesnseeeeeoee 6 0 


POR eH 


me 
eA we WIPE NORFPRPRPRPRPREED 


Google 


Summary 


Percent. Or Mine -MECHAnd Zed. 4 5.6: oiaiw-cccieeatey ane ees ew ee ele eileeies Bisre Mw a eee ewe wewees.- “100 
HOUrs; per: SUE UB. ig5 dig cc's ea dui sob 76 di noe Daas Saree OA See OSS 0 ES eSNG we SSGatueeueee 8 
DMLE US, “Pe GicGey — ceed. Granece-are sala io see: ee canm a Ge, areca W cee tuile we. 6-416: ds asi 6 Wire 6 Bile bbe © Sk sols wel SOE 2 
Estimated recovery of portion of coal bed mined, in panels, percent ........... 
Estimated recovery of total coal bed, in panels, percent .....ccccccceccscccecese 715 
Average number mechanized unit-shifts per day in retreating panel ......ccccces 

Man-shifts per day in retreating panel] ....ccc ccc cccccccccccccccccccscsccesese 06 
Man-shifts per day, mechanized units, panels, development, and pillar mining .. 88 
Toval man=shitts per Gay, Underground 65. cveiwcw eisrsc sew tebe ewes eee eaeeaseeeeseoe 133 
Total man-shifts per day, surface and underground ....csccccccccsccsccccccccses 156 


Clean coal 


Average daily production, mine, tonS ......ccccscccscvcces 1,621 
Average daily production, retreating panel, tons ...c..sece 1,408 
Average production per man-shift, retreating panel, tons.. 21.3 
Average production per man-shift, mechanized units, tons.. 20.7 
Average production per man per day, underground, tons .... 13.7 
Average production per man employed per day, tonS ....ccoce 11.7 
Average production per pound of explosive, tonS .......00. 4, 


if Estimated, includes all material sent to cleaning plant. 


Mine 59 


Mine 59, situated in southwestern Pennsylvania, is opened by three slopes and 
two shafts. One slope, which is 900 feet long with a 25 percent grade, is equipped 
with a 48-inch belt conveyor. This belt transports the raw coal to the tipple from 
a rotary dump at the slope bottom. Two ventilating fans, operated exhausting, fur- 
nish about 290,000 cubic feet of air per minute, circulated through l2 air splits 
in the mine. 


The Pittsburgh coal bed, which averages 84 inches thick in this area, is mined. 
The coal is overlain by 10 to 13 inches of shale, commonly called draw slate, that 
is blasted and loaded with each cut of coal. This shale is overlain by a stratum of 
laminated coal, locally termed "wild coal," that ranges from 3 to 10 inches thick, 
This wild coal is left in place and is the roof. The laminated coal is overlain by 
a bed of dark shale that ranges from 6 to 10 feet thick. This shale is overlain by 
@ 30-foot stratum of massive sandstone. The remaining overburden comprises a series 
of shales, limestones, sandstones, and thin coal beds. The average overburden in 
working sections of the mine is 400 feet in thickness, The bottom is hard shale 
that ranges from 2 to 6 inches thick. This shale is underlain by a 2- to 4-foot 
stratum of fire clay, which heaves under pressure when wet (see fig. 18). 


Operations at this mine are completely mechanized and 5,400 tons af clean coal 
are produced daily in four 8-hour shifts. Only mechanized-unit crews work on a 4- 
shift basis, and these crews relieve each other at the working faces. Actual time 
spent at the working face, including lunch period,is 6 hours. All other employees 
work three 8-hour shifts a day. The average yield of clean coal is 65 percent of 
the raw material, including coal, draw slate, and other impurities. Therefore, the 
average weight of material hoisted per day is about 8,300 tons. 
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Figure 18. - Section of coal bed and overburden at mine 59, 
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Figure 20, - Pillar extraction and timbering at mine 59. 
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Mining Met hod 


Mine 59 was opened in 1909, and hand-loading was practiced until operations were 
mechanized in 1937. The block system of mining is followed and pillars are extracted. 


Te mine is developed by multiple main and panel entries, which are driven 12 
fet wide on 75-foot centers. Main entries are driven in sets of eight with cross- 
cuts turmed at 60 degrees on 115-foot centers. Panel entries, in sets of eight, are 
driven at right angles off main entries (see fig. 19). Two hundred-foot barrier pil- 
lars separate main entries from the first rooms in panels. Pillars between the first 
and second outby rooms in panels and a row of pillars along one side of the panel ad- 
jacent to solid coal are left unmined to provide a bleeder entry for the caved area 
after mining in a panel has been completed. The row of pillars along the side of the 
panel is extracted with the subsequent mining of an adjacent panel. The barrier pil- 
lars and pillars between the first and second outby rooms of panels left on both 
sides Of the main entries are recovered during retreat mining in main entries. The 
method of extracting main-entry pillars is the same as the method followed in panels. 


Three track-mounted mobile loading units and one trackless mobile loading unit 
are engaged in developing and extracting room pillars in panels. Four track-mounted 
mobile loading units are engaged in the second mining in an adjacent mine. One con- 
tinuous mining unit is used to develop haulageways for pillar mining in the old work- 
ings, Each track-mounted unit comprises 15 men, 1 cutting machine, 1 drill, 1 mobile 
loading machine, 1 cable-reel locomotive, and 1 timbering machine, The trackless 
mit comprises 12 men, 1 cutting machine, 1 drill, 1 crawler-mounted mobile loading 
machine, 2 cable-reel shuttle cars, 1 elevating conveyor, 1 car-spotter hoist, and l 
timber ing machine, The continuous mining unit comprises 4 men, 1 continuous mining 
machine, 2 cable-reel shuttle cars, 1 elevating conveyor, and 1 car-spotter hoist. 
Only operations in the development and extraction of pillars in panels with track- — 
Rounted equipment are discussed in this report. 


Hiller Extract ion 

unit At the time of this study, about 90 percent of the total production was from 

des : in retreating panels and pillar mining in the adjacent mine. About 10 percent 

‘es entry development in solid coal. In panels, about 35 percent of the pro- 
on is from entry and room development and 65 percent from pillar mining. 


by Pi panel is 1,200 feet wide and usually 1,800 feet long. A panel is developed 
entries driven on 75-foot centers. * The two middle entries are the main 
y8 and rooms are turned off these on 115-foot centers and at 60 degrees to 
Dur ing development, these rooms serve as crosscuts and are driven only 
BTOUpS of thr ries (see fig. 19). During retreat mining, these rooms are extended in 
©€. The rooms and crosscuts between them provide three to five addi- 
entries 7s Om each side of the original panel entries. The development of rooms 
© pillar Aero 6, 7, and 8, and entries 5 to 9, fig. 19) is completed at the time 
er, th © (rooms 9, 10, and 11) reaches this newly developed area. In this 
ye Pillar mining sequence is not interrupted. 
feet a. are 60-degree parallelogram-shaped blocks with side measurements of 101 
and is comic: Bach pillar comprises four lifts. Each lift is driven 16 feet wide 
“mpleted in an average of nine cuts. A 3-foot fender of solid coal, sheared 


ough 
and to pres), nird cut, is left on the gob side of the lift to help support the roof 
“ nt caved rock from sloughing into the roadway (see fig. 20). After a 
48 
ee 
a 
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lift has been completed and the track recovered, the fender is blasted, if necessary, 
and a fall occurs, 


As shown in figure 19, all pillars along the cave line are divided into lifts, 
which are numbered. All lifts bearing the same number are started at the same time 
and, if worked on schedule, are completed at about the same time. In this way, work- 
ing places in pillars and rooms under development provide 18 or 20 working faces at 
all times. During retreat mining in a panel, the cave line is almost straight and 
perpendicular to the entries. However, two or three rows of pillars next to the god 
of an adjacent mined-out panel are mined slightly in advance to form a small curve 
in the cave line in order to lessen pressure on these pillars from the old gob. As 
pillar extraction in a panel nears completion, the opposite end of the pillar line 
also is moved ahead so that the cave line assumes the shape of an arc as the last 
pillars are mined. 


Pronounced face and butt cleats are present in the coal, but double-shearing of 
coal faces provides advantages that equal any that might be derived from mining 
parallel and perpendicular to the cleats. 


A track-mounted mobile loading unit crew in a pillar section follows: 


Loading-machine Operator ..cccccrcccscvecccessccseres 
Loading -machine He] per 6:66:ie< a «aid. 0a e's 4 Greece's Sele eee 
Cutting-machine Operator wccccccccccvevesccesscsceoce 
Cutting-machine helper © .s6 ss see sss eee e se eh ewe nee 
DE Or se6 5 eays Siataraseva ue anatase caves 6 <0 Ore S we wie to Wea wees 
NOU: FLO L cosg:d Gd dievevelaierbse-ein\ olere eal sroradi a Wisene-ee Serene wes 
MOU OLMAN 6 wie 'ore-'oi a oa ia ose a Ole a0 ow WO aie wie ares 90s ae. e oes 
BrakemaAn. ‘6.066: \é-4re'e0 6s. ies S065 Aamo eee eee Sew eS 
Tracklayers and switchlayerS ...ccccrccccccccresevecs 
DATOS VINCI is graves aco wa eo oo Wika Oe ww SS ww es OWL ee ees 


Foreman ee@eeeoeeeveeeseeoeeeseeevoee4@a#ansvseaneeseoeoeoneveeeeeeoeeetst oeeeoeeeeeet@ 


ad 
Ae ean er on eee oe ee eee gee 


Total @ee@eeoeves2eseeCeeeensrpteeseeseeeneeneseeeeesveeeneseeeeeoerteeesete & 
The cycle of operation follows: 


1. Timber, 

2. Lay track. 

3. Drill. 

4k, Cut. 

5. Charge and blast. 
6. Load coal, 


1. Timber. - All lifts, rooms, and entries are timbered with wood crossbars 
set not over 6 feet apart and to within 10 feet of the face. Lifts are timbered 
with 16-foot bars and rooms and entries with 12-foot bars. Lagging is used over the 
bars, where needed. A section timbering crew comprises two men who are assigned a 
track-mounted timbering machine equipped with hydraulic lifting arm and circular 
saw. The machine pulls a supply truck loaded with crossbars, legs, lagging, and 
cap pieces. In pillar mining, cribs are constructed in the entries inby each work- 
ing lift and opposite the fender to prevent caves from advancing onto roadways (see 
fig. 20). Cribs are recovered for future use, where possible. Three-piece timber 
sets are not recovered. An average of 19.5 tons of raw coal and draw slate is mined 
per crossbar used. 
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2. Lay track. - Two tracklayers and two switchlayers are a part of each sec- 
tion crew. Track is laid to within 30 inches of the working face and is recovered 
after each lift has been completed. 


3. Drill. - Three holes, one in the center and one at each rib, are drilled 
in the draw slate. These holes are started in coal at the base of the slate and are 
inclined upward and stopped when they reach the wild coal. Two holes are drilled 
near the bottom of the coal bed, 3-1/2 feet from each rib in 12-foot places; in 18- 
foot places, three holes are drilled, two near each rib and one near the center. 
One man drills with a track-mounted electric auger-type drill. 


4. Cut. - Horizontal kerfs are made in all coal faces about 8 to 12 inches be- 
low the draw slate. Vertical shear cuts are made along both ribs of rooms and en- 
tries from the kerf to the bottom of the coal. In pillar mining, the inby rib ad- 
jacent to the protective fender is sheared and another shear cut is made about 6 
feet from the opposite rib. Protective fenders are sheared through every third cut. 


Coal is cut with a track-mounted universal-type cutting machine operated by two men. 


5. Charge and blast. - Holes in the draw slate are charged with three cartridges 
of permissible explosive and coal holes with five or six cartridges. The explosive 
is detonated electrically, one hole at a timé. The slate is blasted first and the 
coal last. Approximately 4 tons of raw coal and draw slate are produced per pound 
of explosive used. 


6. Load coal. - Coal and slate are loaded together into 10-ton mine cars with 
track-mounted mobile loading machines. Two men comprise the loading crew. Mine car 
changes are made by two men with a cable-reel locomotive, 


Loaded coal trips are gathered and transported to the belt slope with trolley 
locomotives. 


Roof Action 


In pillar mining, roof is supported by systematic timbering, by the protective 
fender inby each lift, and by cribs placed where needed to prevent caves from en- 
croaching upon haulageways and working places. After the last cut has been removed 
from a lift, six or eight holes are drilled in the fender. The track and cribs are 
recovered, if possible. A fall crew recovers cribs under protection of safety props. 
The fender is then blasted, and the immediate roof and much of the sandstone cave and 
override the timbers. Caving usually follows the pillar mining very closely. As the 
pillar line advances, the entire overburden subsides. When mine floors are wet, bot- 
tom heaving occurs in areas where roof pressures become intensive. Maintaining pil- 
lar lines parallel to roof cleats does not offer enough advantages to justify alter- 
ing the plan of development. 


Recovery 


An average panel, which includes the main-entry barrier pillar, has approximately 
600,000 tons of coal in place. Each panel yields about 528,000 tons of coal, an aver- 
age panel recovery of 88 percent. 


Main entry chain pillars, barrier pillars, and pillars left in panels to maintain 
bleeder entries are extracted during retreat from a mined-out area. Based upon a 
comparison of tons of coal recovered with tons originally in place in large areas 
where mining has been completed, over-all mine recovery is estimated at slightly more 
than 80 percent. 
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Classification of Employees 


Classification 


Mechanized units: 
Loading-machine operatorS ..cecrcccccscccccccsece 
Loading-machine helperS ...cccccccccces sce enews s 
Cutting-machine operatorS .wccccescavcccccccvcces 
Cutting =machine: helpers: <é:0<.4.0:c605 wees «66 see sasins 
DEAT LONS x sce wee, 60 W000 wi 0 sel ww arin e ee we. aie wee 6 © Aw eve 
SHOU FL INEYS secure aeree.e osha ae we oo S e-« Shee ere Bee eee 
TAMD CME’. 66:6 6.0e eV Sareea 0 alae e006 wre eh bee ees 
MOGOPMED «6 sieeie:oiste.00 5c lobe wre Sb eww reser eee weet 
BT A MCMOM rg siete: 6a: ice 26 6 Wore wr as ors Oe ile toyes ware a buarece eusre See 
Tracklayers and switchlayerS ...cccscccrccccccsces 
DnUCCLE=Can IOPEYAULOIs 60 éssegew ee bee ewes Oa Bees 


f- 


CON \O OVO CO OO MO 
-— 


) 


NM 
CON \O ON@ OOO OO 


Foremen eeeoeoeoeeoeeeteeeeoeeeveeweeeeseeseeseeseoeaespeseoeeeseoeoseseeoenes 


Slow 
Slaw 


Total @eseeeooeveveeveeeeoeseeeeoeeseesveseeoeasveeeesseeet eee @ 


Other underground. employees: 


MOCOIMSM ‘drive est dirdve 6 weed wo tse. 5S eco ce se alae tee Wace eae ws 
BAKO Men -gilecdvis-iaiie a. -aie le wS sie SG ereoe iS G ee So ee Ge ws Wee 
Ventilation Men: < sida. 6 wrod eo wis Woe eee we os ae Oe Ce 
PMS PMO T:. 5a ae: hualievd aces caw Gre 905 ales ash wane Wee Se ee wae 
TPRCKMCH.. <6 's:0:b.626 026 ww 60d 60 ae ee we Ow eee Swe 
Peele sO NOW. «aorta o ere e066 arte 6 wa: tw Woe 6) 0000 0S OS Ww eee es 
DY@ina ee: MON, - bk s6.acee Wie: oe 4 he wwe wee Shae ee ewe ses 


Bonder eeeeseeoeoeoeeaeoeeetoeeoeoeseseeseaeeosereeoepaeseaeesaeseaesesewaeaseseeseaed 8 


INN Fw WUWU 


t 
~) 


WI POMCT <p.4.400 4 tare eo eat we bdk. Soa aS ww ew Bea eee wees 
DISPACCNEYVS: powers eid eedse:s 0.05 awe: Bee Sime ww, SEs wee Sas 
Main Gena nee Men. Si: Sibi oteian6, oh ww wae 6 0ie ale wee we oe ee Ses 
Maintenance fFOreMen ..ccccccccccccccessscsecccese 
Laborers (General) << s00s.o0e sein souvbec ewes scawes 
ASS1TStAnG TOremen . 6606 a4s d-05s oe anew 0 Wb OS 6 ew OE Oe 


Total eeeoeovnvoeveev,seeveeveeeseseseeseesvseeeeweeeoeeeseseoee oe ea eeee @ | 89 | 58 | 55 | 46 | 


Total underground employees ...ccsscccccccccces 


Surface employees: 


Cleaning plant: Men sis scsi ss ewsce de earns ts eeee eee 
Cleaning plant FOreMen wccscccvcccsccccscsscesece 
Rotary dump Operators .scevscvecctivesecsveoveveeees 
RIVEr MEN). 09 -4.5.65s6 68-0 Cie a wk eo 6 Ow OW eh eh eee es 
Yard men: (sipplies). isssiasawdudsasevescwsee sews 
YAY. FOKSMan. gies ee: eee oiw- baler ee Wias Brera e Ww alba wae wee 
Mai nNCENSNCe MEN. «66.4 deere< 6s We eee te wae Wel ele Oo ele wens 
CAT “SO DMC He: 55:6: -a savas w. seca aw Wi ci-o ace reg ie w wi wile wea O ewe ever eiwre 
AMP: MOD: a5 ocala vise) 50's ers wale eee wee hee wee ee ew wees ame 
DAD OLCTS: Ze: diace e\ asia wale Stare, oie wine 6 aWee 6 Wises Seuss ae 
Pilter plant Operator x. sie.wwwaw-alw eres 60d 6 ein bweie ae 
Truck drivers (refuse) ...cccccccrccccccccccccccs 


Foremen @eeeeoeonovuoeeeceovoeevseeveeveeeeecesvseesvpesseeeeoeeaeeseesete @ 


ome! wis 
ph og 
MO AWW 


2 
1 


t mM st 


ONO RH AH AUF OME & © 


Onn! 6M 
FINS OVE QW ON 


17 - 


\O 


Total @aeeeoeseeeeeaeeeeeeseeoeeeeeeeeeoeeseeewewesnseeeoeeeteee @ 
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Classification Total 
Supervisory employees: 
SUPE rIMCENIENG.. ssid.a ecarw sane: eae ee iere wie eanel eee ob eee 1 1 
Mine: tT OPemen' 4% 410 ov sews os 46.5 Pare ausiw cn lw 6 aie Saw ele eee 1 2 
At ely SUpeTVviSOr. es s5-6:46 6 45-d ale wie Se oats S Sie ewes 1 1 
BNBINCCLS: sce ots bers. Croke ore slate w eee ate ee Se arse eS 3 3 
CLOP KS: <u.d. tu accce o.6seetvee eb avers ow WG Raa eee ea 11 11 
CHEMIGE And. NEL Per «gee. co.o)se: ia wirswwsecasa\ owe nce eschew wievele ace 2 2 
TOU Gly erie asre sia So aes ord Sra rare Sess wet we a eee 19 20 
TOtal: EMPIOVEES 201555 sto Wadanobwnksewaw ee oeOeeG 284 | 196 839 
Summa ry 
Percen.. Of Mine “MeChANIZEG. se. uwtssos an ees cues Goes sue wre ewd ease oreseewee es L000 
HOUrSs: per SHILC  ocdowlds oid wens onl ole wee ore es ae SS ea Oe BSS Se eres a ease 8 
piitts ‘per-day, Underground: iss cwaw seceb ee Gos whee ae Sw ee clnctee wade eeakieee eae 4 


piItGs. per day. SUMEACE: w siae-cuis aie Gis We-oG Gs Sie wks eee oasis Sis Se wa wea e eee 

Estimated recovery in panels, percent .iccccccccssccccccscccesscccessccsscveese 86 
Estimated over-all mine recovery, percent ....cccrcccccccscesccccseccccsccesess 80 
Average yield, clean coal from raw coal, percent ...cccccccccccceccccccsscessss 65 
Average number mechanized unit-shifts per day in panels ...cccccccecececsesessee 16 
Maneshifts- per day in patel 6 +s 54.424u/es, «0 acleee-wctecanw ess ow seeetiade de beeasees eau C40 
Man-shifts per day, mechanized units, panels, development and second mining ... 480 
Total man-shifts per day, underground ...cccccccccrccccccccccccccccccccesesssess [20 
Total man-shifts per day, surface and underground .......cccccccccccscccccccces 839 


Clean coal 
: 


Average daily production, mine, tonS ..rccccccsccsccccscces 5,400 
Average daily production, panels, tonS ..cccccccccccccveces 3,120 
Average production per unit-shift, panels, toms ........... 195 
Average production per man-shift, panels, tonS ...cccrccees 13.0 
Average production per man-shift, mechanized units, tons .. 11.2 
Average production per man per day, underground, tons ..... 7.4 
Average production per man employed per day, tons ......... 6.4 
Average production per pound of explosive, tonS ......cceees 2.6 
Average production per cross bar used, tonS ...c.cccccececs bes 


1/ Raw coal includes all material sent to cleaning plant. 
Mine 60 


Mine 60, situated in eastern Kentucky, is opened by a number of drifts driven 
from the outcrop into the coal bed. Eleven ventilating fans, seven operated ex- 
hausting and four blowing, furnish 466,000 cubic feet of air per minute, which is 
circulated through 14 air splits in the mine. 


The Elkhorn No. 3 bed, which averages 45 inches thick and ranges from 30 to 60 
inches thick in the area, is mined. Im some areas, the coal is overlain by a stratum 
of rashy shale that ranges from a few inches to over 20 feet in thickness. The shale 
is overlain by a heavy stratum of sandstone, which sometimes immediately overlies the 
coal where the shale is absent. The remaining overburden is comprised of shales, 
thick sandstones, and thin coal beds. The thickness of the overburden ranges from 
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a few feet at the outcrop to nearly 1,000 feet under the mountain tops. The coal is 
underlain by 10 inches of fire clay, which, in turn, is underlain by shale ¢see 
figs, 21) 


Operations are about 78 percent mechanized and 6,100 tons of raw coal are pro- 
duced daily in three 8-hour shifts. 


Mining Method 


The mine was opened in 1915. The room-and-pillar system of mining is followed 
and pillars are extracted. The mine is developed by multiple main and panel entries, 
which are driven on 50-foot centers. Haulage entries are le feet wide and air-course 
entries, 16 feet wide. Main entries are driven in sets of six and panel entries in 
sets of three. The direction and length of main entries are determined by property 
boundaries and outcrops. Panel entries usually are turned at right angles off main 
entries and are driven about 1,600 feet (see fig. 22). Barrier pillars, 225 feet 
wide, separate the main entries from the outby rooms in panels. Cleats in the coal 
and roof are not pronounced and do not affect the plan of development. The regional 
dip of fhe coal bed is about 1 percent northwest. Short dips and rolls that often 
require grading of main haulage entries occur frequently. Narrow, long, want areas, 
in which the coal has been entirely or partly replaced by rock, are encountered often. 


At the time of this study, 7 track-mounted mobile loading units, 1 trackless 
mobile loading unit, and 204 contract hand loaders were engaged in developing rooms 
and extracting pillars. Five track-mounted mobile loading units, 1 trackless mobile 
loading unit, and 15 contract hand loaders were engaged in entry development. 
Ninety-four men, using hand-loaded shaking conveyors were driving panel entries and 
rooms. Conveyor units were not extracting pillars. 


Each track-mounted unit comprises 13 men, 1 crawler-mounted mobile loading ma- 
chine, 1 cutting machine, 1 coal drill, and 1 cable-reel locomotive. Each trackless 
unit comprises 11 men, 1 crawler-mounted mobile loading machine, 1 cutting machine, 
1 coal drill, 1 shuttle car, 1 car hoist, and 1 cable-reel locomotive. Only opera- 
tions in the development of rooms and extraction of pillars in panels with track- 
mounted equipment are discussed in this report. 


Pillar Extraction 


About 41 percent of the production is from pillar mining; 38 percent from room 
development; and 21 percent from entry development. About 46 percent of the coal 
produced from panels is from entries, rooms, and crosscuts and 54 percent from 
pillars. 


Each panel is 400 feet wide and about 1,600 feet long. Room entries and rooms 
are equipped with track constructed with 30-pound rails. After panel entries have 
been developed, rooms are driven at right angles, usually off the outby entry. Rooms 
are driven 20 feet wide on 75-foot centers to a depth of 284 feet. Two rooms are 
usually under development; one about one-half room length ahead of the other (rooms 
8 and 9, fig. 23). At the same time, pillars are being extracted from between the 
four preceding rooms (pillars A to F, fig. 23). These pillars are mined in a sequence 
to form cave lines 45 degrees to the entries. After pillars A to F have been ex- 
tracted, development of room 8 has been completed and room 10 begun. Then mining of 
pillars A' to F' begins, 
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Figure 21. - Section of overburden and coal bed at mine 60. 
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Room pillars are rectangular blocks approximately 55 feet wide and either 60 or 
85 feet long. Rows of room pillars alternate in number and length. One row has 
three pillars 85 feet long, and the next row has four pillars 60 feet long. In this 
system, crosscuts are staggered and wide areas of exposed roof in aligned crosscuts 
are avoided. Entry chain pillars are parallelogram blocks 36 feet wide and 60 feet 
long. The method followed in the extraction of individual pillars is the open-end 
system, with lifts taken off the two sides adjacent to the gob (see sequence of 
lifts, fig. 23). If roof conditions are unfavorable, a small stump of coal is left 
between the gob and the first cut in the lift. In these cases, the stump is partly 
recovered after the lift has been completed, 


A mechanized unit crew in a track-loading section follows: 


Loading-machine operator ..ccccccccccccvcccccccsene 
Loading-machine helper ...rccccccccccccccvessecsece 
Cutting-machine operator ..cccccccccccccaccvcesecece 
Cutting-machine helper ...cwccccccccccccccsscescscece 
BAOG LLC esses cisid-b 0h bew ec owas SAwresee sce aw eee 
Clean-up man eeeveeotseoeneeeeevraevneaneoeeseeenensescaeereaees 
Trackman @eeeeeceeoec eae eoeceaensoeooeoeesvse0@aeeeeeeeeeseoaeneweoeneeeeaeeen 8 
DUMP OC TMON | 66.5656 6 56s Aroie W erarw ewe 6 ae Mae ose ESeedeaies 
BULB RO OT 25 aces Ser srew Sooo 6 Grb:8 Ole 6S 6S 06 OES See 


Foreman eeeoeeeovoevp eevee eoevoen een espeeveeveeeeneen ee eeeen eee e 8s 8 


- 
Beaver re penE 


Total eeveeoeeneveoeaveeoeoeoe eevee evsee een eevee eeoeeeeeeee es 


The cycle of operation follows: 


1. Timber. 

2. Lay track. 

3. Cut and drill. 

4. Charge and blast. 
5. Load coal. 


1. Timber. - During advance mining, one or two rows of props are set on each 
Side of the track. Wood cross bars also are used, where necessary. Screw jacks are 
used as safety posts at the working faces and are replaced with permanent wood tin- 
bers as the faces are advanced. Four-inch aluminum H-beams are used with the screw 
jacks where roof conditions require. In pillar mining, one to three rows of breaker 
posts are set along the inby side of lifts along the gob to support the roof and to 
aid in breaking the roof as pillars are mined. Spacing of these breaker posts de- 
pends upon roof conditions, and, if necessary, they are grouped to form clusters 
along the gob. An average of 1.5 tons of coal is produced per prop and 37.8 tons 
per crossbar. Some wood crossbars are recovered during pillar mining and used 
again. Props are not recovered. 


2. Lay track. - Thirty-pound steel rails are used in panel tracks. Track is 
advanced to within about 30 feet of the face, and the ends of the rails are equipped 
with end-of-track rerailers. Mine cars are pushed off the end of the track onto the 
mine floor to provide extra height for loading. 


3. Cut and drill. - The coal is bottom cut with shortwall cutting machines. 
Machines are transported on track-mounted trucks. The two-man cutting crew also 
drills three or four holes per place, depending on the width of the coal face. 
Holes are drilled 6 feet deep near the top of the bed. 
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4, Charge and blast. - Holes are charged with permissible explosive, which is 
detonated electrically, all at one time. Production per pound of explosive is esti- 
mated at 6.25 tons. 


5. Load coal. - Coal is loaded into 2.7-ton mine cars with crawler-mounted 
mobile loading machines. The production per mechanized unit is about 125 tons per 
shift. 


A cable-reel locomotive moves the loaded cars to a parting on the pmel entry. 
and returns empty cars to the loading machine. A trolley locomotive supplies the 
section with empty cars and ‘transports the loaded cars to the main line where main 
line locomotives transport the loaded cars in trips to the surface, 


Roof Action 


The stratum of shale over the coal bed usually is not strong enough to support 
itself, and it is necessary to use both props and crossbars. Because of the bedding 
planes in the immediate overburden, the roof breaks and falls in large slabs in gob 
areas where pillars are being mined. In pillar mining, breaker posts form the cave 
line, and these posts bend and break as the span of mined area widens. Caving usu- 
ally follows pillar mining closely. If recovery is high and no stumps of solid coal 
are left unmined, squeezing and bottom heaving do not occur, Apparently there is no 
difference in roof action under small or great thicknesses of overburden at this 
mine. 


Recovery 


The coal bed mined occurs in two benches separated by a thin parting near the 
bottom of the bed. The upper bench of coal, which is the portion of the bed usually 
mined, ranges from 34 to 50 inches in thickness and averages 45 inches thick in most 
sections of the mine. In some small areas, a parting occurs in the middle of the 
upper bench (see fig. 21). When this parting is over 24 inches thick, the undercut 
is made in the lower bench of coal, and the coal above this nonpersistent parting is 
not mined. In these areas, hand-loaded conveyors are used and pillars are not ex- 
tracted. The company estimates the over-all recovery for the calendar year preced- 
ing this study at 87 percent of the portion of the bed mined in areas where pillars 
are extracted. Data relative to percent of recovery in panels were not available. 
Barrier pillars along main entries and main entry chain pillars are recovered on 
retreat from a mined area, 


4648 - 32 - 


Google 


Classification of Employees 


Classification 
Mechanized units : 
Loading-machiné operators ..ccccccccccccccsseccccececce 
Loading-machine helperS .cccccccsccccccvcccecsssccesess 
Cutting-machine operators ..ccccscecccccccecccccecccene 
Cutting=machine Nel pers: «46.606 666 ese ee see deen etedees 
SHOR DIPOLES. Se exe, 56 erate wees ere: esses er era awe Wisecn wie oO wi See ew eres 
CLOGM Up HST) saiie:sxo's hiss ioe; abe e sor ioite Gi avs oa ferel ava, wees eile rae erieaterb clas 


Trackmen @eeeeoeeovoaesvseevoe@eseseceeoeaewsveeneeeeoeaeeeveeveveeeeeeveveseee @ 
Timbermen @eeeseseeosvneeen eveeveevoeeoveeeae@evseovoeeoseeeeoeeeweveeeweeoeoeeseaeenee © @ @ 


Motormen @eeeoeeee0aeeaeseseoeeeesveeeeneeeeeoevespe@e@eso@ece@~eco eeu cosa eevnwe ese e eee @ 


~ 
MONS FUN 
J 
a 


Brakemen eeeeeeeeaeeeaneeeeeeeeeeeoneeseeseeneeneeeneenenneen 
Shuttle-car operators eeceoeeeveveveevneeeeenneeaneneevneeeeveneeeve & 
Foremen @eeeoeevoeseeaeseenv02ee0@e @eeeeeseevusecacdneoeeseeeeoeeeeveeeeeeeesde 


Total eeeoeea@eeocovo@easvseeaeeeoeaseoeeoeeeveaeveeweseoeveeveoeeeeoaeev eee eo 8 


Mechanized units (conveyors): 
Conveyor men (cutters, helpers, drillers, and loaders). 


MOCORMEN: :<6scaiarse is: Siarw 6660S eee oo -Oerat i Sones we wd Bees here Se wias 
BGK CMON 2: 6.e:ee outed Gib 6:0 se See oe Oe Wwe ee Oa ce eure Oanes 
BOOM: MOM: 6:56: i6'e 6. ei Ge.6i6 ears Whe S01 Ok Oe ww RO We oS eee seas 
FPOVeMC D6 5 dierece a6 a0 006 a oe ee obese eee ee ee wa ele eee ww aceete 


Total eesoeoeeaeaseseveoeveeveeeeaseeaeaeeeceeevaeoeeecaeevoweeeosceoeeeevaeenene ene 8 


Contract hand-loading crews @eeeee@eaeeae0aeeseeseesesesesoeeoeesesevensvseenwvs eg ees @ 
Qther underground employees: 


Dispatchers @eeweeaeoeaoaenseaeseoeaseoaece@esaeevoseaeeoeeeeoeseseovoascseseeweaoaugceentede @ 


Motormen @eeeaeeceoaoee@aecov ees eoseeeeaesespeaeesveeseeeaeeevoaspeeseveevoeeev ee eeee 


wal wa 


‘OA Ir NONRFVUNN F&F 


Brakemen cccccccccccccccccsececccecesecsessssceeseecca 
Trackmen and helperB .cccccccccccccsccccccccscssccccces 
Wiremen Gnd HELPS S: sc 6.6 s.6: 6 KW w 0s i066 6 CWC Oe Crea welee 
Timbermen and helperB ..ccccccccccccscscccscesscsecssccce 
Brattice MEN wccccccccccvccccenssccccccvessccesecccccer 
Track CLEQNOTS: so ii.0:e ees. 6 swe 66:0 6 Sai0'e 00 Fe 86,06 05s 0K we Sema 48s 
DLA GOMIOM: 266656. a a. aa oe wide S66 6 we 0 6 Ow lee SO aeons Oa eee we 
Rock dusterS cccccccccccsccvccccccnccscceceeaseereccese 
Pumpers eeeevoea0voe8dedoe0eeveeeeeeeeeeeeevoeeaeeveveenveeveesvevo@e@eeaesovoeaeeneee 8 
Ramp Operator .acccccccnccccccerscvccccacccssccsccveces 
Dust-control MAM cccccconenccneseeseesneeessesecevereeee 
Rock drillers and helperS ..ccccccccrccsecscvevcccccccs 
Electricians and helperS ..cccccccavcccccccsccececscsccne 
Bonders and Helpers wccccccccscccsccccscccccsccevccseses 


Foremen @eeesesuevnevoeevneveeeeuaueevesewesvsveeeeneoeseeoeeeneaeea2evneaeee 8 


1'iKHY OoOoOoeor 


T 
3 
2 
2 4 
1 
4 
p) 
2 


' wn 1 


Total eeveoseveevvn0eee0e eevpeaoeveepeoee@eoeeveevoe en eoevoeaspeneesvnaeaeenaesnveo ee 8 


Total underground employees eeeaoeevev eae eva een eaea GCeeeneeve ee @ 
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Classification | 2d | 3a] Total 


Surface employees: 
Tipplemen (including railroad-car handlers) ...seseceee 


Tape: tf OPEC. ies aca leceh dale er esecasar ore ta 0ib 0 ee 6a Wore hve ee ets eee 
Cleaning =plant: Operavors? ssw. veces sae ¥.ne 0 8 eet oslo wee Rewe%s 
AMG TOTS: we. 6<barateuts aces ate ore esiae wes ere awe rae ow e008 36 ers 
SOR sg- aera ee ree ear erate ee er ee ee ere eee arr eer 
BulLlgoZer <OpeYralOrs: «.c:ccwisise wiles Show cese 66.6 e we eee 
Aerial-tram operators and helperS ...ccccccccccccccecer 
DUCK -GrUVGNrs oe ce sie oie ere aslo WS 1a /e0w lar a: e te. e te 6s Bae we aha a ok % 
Timber -CHECKET: 4c: aiavsiee ora ab ers Wee WN EG we ete Oats Sea ees 


(inant Yr e 


Lamp men @eeseeoeeoeeveseseseeveeevseeeeoesvseseoaseeoees voveeveeveeesvseeeevee one eee 6 @ 
Shopmen eeeosoeeseveeeoeeeneeeeeoenmvmese*m ovoeeeeesvseeseeeeevpeeseseeneaeseve2 ee @ 


Laborers eeeeoeeestrteesweseeenswreesenreewteeseesveeoeeeweseeeesesesngseaeeee s 


Total @eeeoeveee¢eseee#se eeseeeeeoeeseestpeeveeenseeseeoeeeoeensevesvsenveeoeeseoaeeeoeseevere eo 


Supervisory employees: 


MING GUPETANCENGCIIG, oj-5 ere ceSia shee te oboe ecw onb-6 Wr eee oe anew ele Slates 
MiG OV CMH: « :x5a origi ica micesccviar eto we 008 16) 0- 06 olw 6 oss) ee ere ew la aes 
Maintenance. BUpeTINCeNnGenG: acc ie 6:s ose <.'e. win ene @ cove eevee swe ee 
Underground maintenance POreMANn .esccccccveccscecseccscce 
MOP: F OFEMOAM: 0:5ics nsose 6 oe a 026 awe oa one Glove 0 WS: 66luen Oe ew ee aes 
Mining Gne i neers ~icsieiseciiwgerlereiele-s ace teas 6 Gee eee Sew ees 
Mechani zation eCngineGeGr 4:5 «scene wo oe 6050 Kees ww ewe 
BlLOCCrIcal. EN@INGeSr® sie wod.S6. Ose wwe ares or 0i6 eee SO wieidre eo % be eS 
Safety director and assistantS ...cccccccecccsccccseveces 
Office clerks and secretarial workerS ...ccr.ccccccccces 
DUDD LY -CLELKS: piaiairecetand oie od ovkenh aw: 6 ete erew wit eow Giele wae ew ae ers 


Total eeeoeoeo4nvoaoeeoeeeeseeoeeweeeVensesoeseeemeneesvesoaoeaeeeoveeaeecvneneoe8e00 | 28; 1 | 
L537 1 435 | 


Total employees eevee eeeeeeceseeee eevee eeeeeeeeveeesenne 


DWH RPA PRP RW 


oummary 


FercenG. of mine -meChant Zed: oie 6.15.5 e era ieire oan: 056) sale a ie bre Wo SS WS Sa ee ORS ENS 
BOuUrs! DET BULL WG. . 5.5.525 vee 0:s5ite: iw we: Waiw 7o e Wiio 6-0" a Www 0 e nee) vie Fir oreo oe Me ie oe aw erees 
LLE CBs POT “CRY. cia wo ciiire a se:6a:cese we sea-9 wile we see w 0c 6h WW eee ow ww WS wo eee oan oe we alee aS 
Average daily production, panels, mobile loading units, tonS .....c.ccccrcccee 
Average daily production, panels and entry development, mobile loading units, 

iol ee et eer ee ee ee re eee ee ee a ee a ee ee ene ee a eee ee 
Average daily production, conveyor units, TONB ...ccrecccccccsccccencccccsecs 
Average daily production, contract hand-loaders, tonS ...ccrcccccvccccscccces 
Average daily production, mine, tonS crccccccccnncnccccansescncccsccessccceses 
Mobile: loader ‘unit. Shifts: per iGay a:6:6.66-< 0.8 ow eS A Wii 016 Ww Bele Sw Sew 5 eevee ele Beas 
Average production per mobile loading unit per shift, tonS ....ccccccvccccece 
Average number man-shifts per day on mobile loading unitS ....cccccccccccccce 
Average production per man-shift, mobile units, tonS ...ccccccccvccvcncccsece 
Average number man-shifts per day on conveyor UNitS .cccccccccccccccsvcceccns 
Average production per man-shift, conveyor units, tonS ...cccscccccccececccocs 
Average number man-shifts per day underground, chargeable to mobile loaders.. 
Average production per man underground per day, chargeable to mobile loaders, 


tons @eseeeoeeeeveeeeveseovoeveeesvoesvseaesseeseeesevaevaveseoseeveseeseeveseoeeveaeevoeesesvsseseeson4aeaeveen 080 e 08 @ 


Average number man-shifts per day underground, chargeable to conveyor units.. 
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Figure 24. - Section of overburden and coal bed at mine 61. 
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Original from 


THE OHIO STATE UNIVERSITY 


Average production per man underground per day, chargeable to conveyor units, 

tons eeeeevoeaeseveveeeseeeeeeoeeeseeveeveevsueaeveeeenvneeenveeeeeeeeeevneeeaeeeaeaesmeeoeaeveaeswmneevne 8 eee & @ 5.6 
Average number man-shifts per day underground, chargeable to contract hand 

loading @e@eeeetoscovoeeeoveeeseeeesweoea@eveeee@weeeeseeveeseevewaee@eeeaenveseroaeeseeweaweeeaeweaenveeeeeeeoeeee 268 
Average production per man underground per day, chargeable to hand loaders, 


TONS. 5.4. ap cae Gag esas les Ge Sw bd wie a rk OS Oars OEE Ke ae eed a ea weates ewes 4.9 


Total man-shifts per day, underground .iccsccccccaccccccesccccccscccessccccces 969 
Average production per man per day, underground, tonS .cscccccevacccscccseces 6.3 
Total man-shifts per day, surface and underground ..cccscsecccccscccsesseceess 1,105 
Average production per man employed per day, tonS ...ccccreccccccccccccecsces 5.5 
Average production per prop, TONS) sbia seis we sve soreite: 4 o/b 5cui o:10:0 6 wee! Wiel Seale. Kee ele’e a elas Lied 


Average production per Crossbar, tONS .cccccccnccsccccnccncccsccesesscsesess 37.8 
Average production per pound of exploSive, tomS ..c.ccaccccccccnccccaccsesesves 6.25 
Estimated over-all recovery in portion of bed mined, percent ...cceccceceseee 87.0 


Mine 61 


Mine 61, situated in southern West Virginia, is opened by four drifts driven 
from the outcrop into the coal bed. One ventilating fan, operated exhausting, fur- 
nishes 115,000 cubic feet of air per minute, which is circulated through five air 
splits in the mine. 


The Pocahontas 4 bed, which averages 38 inches thick and ranges from 36 to 40 
inches thick in the area, is mined. A shale parting as much as 6 inches thick usu- 
ally is present near the middle of the bed. The coal is overlain by a thin stratum 
of hard shale. This shale is overlain by about 90 feet of shales and sandy shales. 
Shales, sandy shales, thick sandstones, and thin coal beds constitute the remaining 
overburden. The thickness of the overburden ranges from a few feet at the outcrop 
to 800 feet under the mountain tops. The coal is underlain by shale (see fig. 2k). 


Operations are 100 percent mechanized and 2,100 tons of clean coal are produced 
daily in two 8-hour shifts. The yield of clean coal is about 92 percent. Therefore, 
the average daily production of raw coal is estimated at 2,283 tons. 


Mining Method 


The mine was opened in 1941. The room-and-pillar system of mining is followed 
and pillars are extracted. The mine is developed by multiple main and panel entries. 
Main entries are driven in sets of six and are developed in pairs on 50-foot centers 
separated by 50-foot barrier pillars (see fig. 25). The entries of the two outer 
pairs are 20 feet wide and are return airways. The middle two entries are intake 
airways. One of the middle entries is the main haulageway and is driven 22 feet wide 
and equipped with double track. Panel entries are turned at right angles off both 
Bides of main entries. Panel entries, 2O feet wide on 50-foot centers, are driven 
in sets of three about 1,540 feet from the main haulage entry. Rooms are turned at 
right angles on both sides off panel entries and are driven 35 feet wide on 70-foot 
centers, to a depth of 300 feet. Barrier pillars, which separate the main entries 
from the outby rooms in panels, are 220 feet wide on the side nearest the main haul- 
ageway and 180 feet wide on the opposite side, Cleats in the coal and roof are not 
pronounced and do not affect the plan of development, The coal bed is generally 
flat lying, but slight dips occur locally. At the time of this study, 25 mechanized 
units were in operation: 
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15 units hand-loading onto conveyors and two mobile-loading units loading 
onto conveyors in the development of entries and rooms and pillar extrac- 
tion in panels. 


4 units hand-loading onto conveyors in main entry development. 


4 units hand-loading onto conveyors in the extraction of main entry chain 
and barrier pillars. 


Each unit hand-loading onto conveyors comprises four men, one cutting machine, 
one coal drill, one chain face conveyor, and one chain room conveyor. Each mobile 
loading unit consists of seven men, one crawler-mounted mobile loading machine, one 
cutting machine, one coal drill, two chain face conveyors, and two chain room con- 
veyors. Four conveyor units normally comprise a section or panel crew, except that 
in one panel, the two loading-machine units perform the work and no conveyor units 
are used. In each panel, one clean-up man and one loading-head man are employed. 
One foreman is used in each panel. Panel entry transportation is with a 26-inch 
belt conveyor, and mine cars are spotted on the main entry with a car hoist. 


Pillar Extraction 


About 60 percent of the coal produced is from entries, rooms, and crosscuts and 
40 percent from pillars. 


Each panel is 610 feet wide and 1,180 feet long. Two panel entries are turned 
and driven a short distance as the main entries are advanced. When the belt is in- 
stalled and production begins in a panel, a third entry is begun and driven with the 
original two entries. As the entries advance, rooms are driven at right angles off 
the outby entry and pillars are mined on advance of the panel. Rooms are developed 
and pillars are mined on the inby side on retreat from the panel. Usually, 17 rooms 
are driven from each side of a panel. Two rooms usually are under development, one 
about half a room length ahead of the other (rooms 6 and 7, fig. 26). At the same 
time, pillar extraction begins on the pillars between rooms 3, 4, 5, and 6. Pillars 
are mined in the order A to E. After pillar C has been mined, the conveyor unit be- 
gins developing room 8. Room 6 will have been developed and mining of pillar E be- 
gins. The outby 20 feet of each room pillar adjacent to the outby entry is not mined 
and is left to protect the airway. 


After the panel entries have been developed and mining of rooms and room pillars 
on the outby side of the panel is completed, development of rooms on the inby side is 
begun, These rooms are developed and room pillars are extracted on retreat, begin- 
ning at the inby end of the panel. Panel-entry chain pillars and room stumps on the 
outby entry are not extracted. Main-entry chain and barrier pillars are mined during 
retreat from a section of the mine. 


Room pillars are about 35 feet wide and 60 feet long. The open-end system of 
pillar extraction is followed. In sections where the coal is hand loaded onto con- 
veyors, cuts are taken off the ends of the pillar. Im the section where the coal is 
loaded with mobile loading machines, lifts 30 feet wide are driven from the side of 
the pillar. Each lift comprises about five cuts . (See sequence of cuts, fig. 26.) 
Two working places are assigned to each mobile loading machine, and each working 
place is equipped with a face conveyor and a room conveyor. 


The cycle of operation follows: 
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- Cut and timber. 

- Drill and extend conveyors. 
Charge and blast. 

- Load coal. 


FW NM bF 
e 


1. Cut and timber. - The coal is bottom cut with shortwall cutting machines 
equipped with 7-foot cutter bars. Wood props on 5-foot centers and in rows 5 feet 
apart are set as working places are advanced. Cribs are installed about every 25 
feet as the rooms are advanced (see fig. 26). In pillar mining, cribs 6 to 10 
feet apart are installed along the face conveyor next to the gob. These cribs are 
used to assist in breaking the roof and are recovered and used again. Breaker posts 
are set 2 to 3 feet apart between cribs along the cave line. Safety posts are set 
about 6 feet apart between the face conveyor and the coal face. Props are seldom 
recovered and an average of 3.5 tons of coal is produced per prop used. Crossbars 
are used, where necessary. The roof over the haulage road in advancing main entries 
is bolted after the top has been brushed. 


2. Drill and extend conveyors. - About five holes are drilled just above the 
Shale parting with hand-held electric auger drills. No drilling and blasting is re- 
quired in pillar mining with hand-loading conveyor units. The face conveyor is 
moved nearer the face, and the crew shortens or extends the room conveyors by remov- 
ing or adding sections. 


3. Charge and blast. - Holes are charged with four cartridges of permissible 
explosive, which is detonated electrically, one hole at a time. Production per 
pound of explosive is estimated at 8.0 tons. 


4. Load coal. - Coal is loaded onto chain face conveyors, which discharge onto 
chain room conveyors. Room conveyors discharge the coal onto 26-inch belt conveyors 
in the panel entries. The panel belts transport the coal to loading stations on the 
main entries where it is loaded into mine cars. Mine cars, which have a capacity of 
3-1/4 tons, are spotted at the belt head with car hoists. The coal is transported 
to the surface by trolley locomotives in trips of 30 loaded cars, 


Roof Action 


The stratum of shale overlying the coal bed usually is strong enough to support 
itself during advance mining. In pillar mining, the roof rock bends before breaking, 
and cribs are used to assist in breaking the roof. The roof has a laminated struc- 
ture and falls in the gob areas in the form of large thick slabs. Caving does not 
always follow pillar mining closely. However, squeezes seldom occur. Apparently, 
there is no difference in roof action under small or great thicknesses of overburden 
at this mine. 


Recovery 


Panel entry chain pillars and the room pillars left adjacent to the outby panel 
entry are not recovered. Main entry chain pillars and barrier pillars are mined on 
retreat from a mined-out area. Probably over-all mine recovery is higher than the 
recovery in panels. However, data were not available to compute either panel or 
over-all mine recovery. 
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Classification of Employees 


| OSHIP 
Classification SSS Total 
Mechanized units: 


Loading=machine Operators: os4.¢ 3 sexes 66 o906 606.6 oie acwerseree ace 2 
Loads ne -mMachine Ne Lpers: ge 56 sda os Giend te ecesat stake oi G8 Oe ees 2 
Cutting =machine Operators: v.4.62 okeseees.6iwie aise ee ewweieee s 25 
Cuvting-machine NelLpers 0.04.64 sires wee Ae pee eee wae ee ees 25 
Driliers: and Shot, PATers: = .6oh-c.< theme gtea we areoaccw ame eters 4 
PAMDE YMCM: < ae56 aii a6-6 Wea 4:0 065m Osa -w e's ars BEY ie WSS Wo Wwe 2 
Belt operators (boom men) ...ccccccccccccceccccccceccces 

Conveyor men (hand loaders) ....cccccccccccccccccccccees 4h 


Foremen @eeoeoeeooee@e@eeoeeoee@oeeeesvreesvenweevoeeevweesvseeeseoes7~esn,eon7evsee0e08082 08 e eee ee 6 


~ 
~~ 
Ww 


Total @#eeeoe@e@eeoeseeenrpeea@e#@oseseoeensn 7 eeeeseeeeeeoeeesnsnng028e2ee02086860882e8@2 80 6 


Other underground employees: 


MOC OPMCYY 166 sua: dreds ard e Wiss Ore ww ese 6 te Sew Ne eie e whee ore eee Os 
BYEREMGN .. 5.5 ade. ss 6-6 rate ease a end ew cw a6 Ww Oe ea OLS We 5 ae eee we Woes 
WI POMOTL. /uic.io uot aie ese deravin Gh Gwe 0 6 a sw hee ee eee we eae 
PAL PSMON cocgrb.ateseiaie ew 06 WS Seal BIN e000 wo 06 UW CASON Sa euew Cees 
Trackmen eeocecereeeneeeceee ee eee seeeeeeee renee eeeeeesHeseses 
Timbermen Pr a ee a a a a ee a re 2 2 2 2 2 
Brattle Men. 6 ois oxewse } 4 6 ore Aw we ee SOUS. WS ow Oe we OS aw wes 
BLOCUPICLGNS ose sores See iie0 6.66 6 0e eS Mie e800 0s. 6S SRS 
UDA MSTA 2.6 dines 'S co) aide Gpersilaw eee wiene: © WW el Fw wre ee So Wee ua aes 


UWI OW OOM OVO 


Rockmen eseeooevoeveevaevoevneoeseeeveeeeesvseeoeeeveeseseoeseevesvseeesesepeovpeoevesvseeese 
Greasers @eeoeoeeoevvseaoevoeevesvenvesesoveeveseveeeeeveseeesvsesvseeeeueeosveenvdee 8 @ 


Laborers eesvseeveveevoeeveevoeeeeeeeeseeeveeeeeeweeveeesvevaeevneoeeeannve0ee28e 88 6 @ 


1inornwvi 


te 
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Beltmen eeeseeeaoevocaue teceoeovoeesveveeeeeseoeeeeseeeweeeaeovneennne08e2e060086028080 
Fire bosses esoeeeoecoseveeeeveveevseseeeweesovoesvseeeeeeeeeee0e0eu08e @ @ 
Foremen esoevoeeoevevpeovoeeoeevneeveevneeeeeveeeeeeaeeeveeveeeeaeveseeevespee eee @ 


Total @eeeoeoevoeesveeessv@eeaespoeveeveeeseeeeeeseesespeeeeoeeeseensveesneeve 8 e@ | 54 | 20 | 18. 


Total underground employees ...cccccccsccccvecsccessce 167 


Surface employees: 
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TS BIND MCT: ex6: se exel Sia eM wale ese wes aw Wie WANS lo oi Ole ow CaO ees 
Pipe 2 LUC? 666 oewie ben w ea os 06 COCs ECO 08 OO Ow Cee es Sule 
Chg tai a meee eT eee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee 
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Classification 
Surface employees : 
BLEOCCLICIANS:. 46 asco. scrwlassew k Wie SARS OS OARS ERE e erates 
We Or shee winches south araoi6 eS ess ow oe aka eater ese Gs eer aa 
DUDS UCR CLOM: MAM 6 cic ediersluve as sb bo ee E CESS hea eS 
UAL VOLOPPeLle: fens. aed oS Da ees WiewEe O06 SE ORAS ees eas 
GLCOSED ic k-5. 0:6 wtalae Ge Cad ee blew eo hae are ae ee eae 
Care. Crammer s5.5-0:4 4.6.0 6:6. se aes 200 WI wee OE aes 


Total @eeeseosooaceeee@eoeeeeepeovoweenmteseseosaeoesmoseaeseeeeseeseeoveeeoeee ee 


Total employees @eessuseseecaveavesvseeeeeeaeseeseoasovneevpaeeveeeevnas es 8 


Nf in 
©} (0) (et ee ll So a 


Summary 
Percent of mine mechanized eseeoeeeeaeeaeseseveeeoeewePgeeeeeeeoeeeseenveeseneseieeeseeeovoeeeeeeeseeoeeseesee oe LOO 
Hours per shift @e@eseeseeeaeeaev,n@eeeeeseeesvseeseeeseeesenweseoeeaenwnnseeseseeesoeseeoeeveseeseeseesveseeesweeeensve#e#esee¢¢+s @e 8 


Average yield, clean coal from raw coal, percent ...cccccccvccncccveccsccccccce 92 
Mobile loading units, shifts per Gay .iccccccveceececdeseevcrectecvencesteeadees 4 
Conveyor units; Ghitte-“per- day ~c<s¢ sas tacwos 6 eeesbs CAS a Re eee eee hacecnaen “LC 
Average number man-shifts per day, mobile loading units ...ccccccccccccccccsecs 34 
Average number man-shifts per day, conveyor UNItS ..rcvccccccccescccescccesesess 192 
Average number man-shifts per day, all mechanized units ....ccccccccescccccecees 220 
Total man-shifts per day, underground ....crccccccccccceccccccccccccessccsesess 310 
Total man-shifts per day, surface and underground ...ccccccccccccccessecsesssee 390 


| Raw coali/ | Clean coal 
2, 263 2, 100 


Average daily production, mine, tonS ..rcccccccccccccsccces 


Average daily production, mobile loading units, tons ...... LLC 
Average daily production per mobile loading unit, per 

SOATU 5 "CONS: <sbiucs. cae 6 S160 54 NO 6 ON OE eC eee sees es betwee 110 
Average daily production, conveyor units, tonS .....ccceeos 1,660 
Average daily production per conveyor unit, per shift, tons 36 
Average production per man-shift, mobile loading units, tons 12.9 
Average production per man-shift, conveyor units, tons .... 8.6 
Average production per man-shift, all mechanized units, tons 9.3 
Average production per man per day, underground, tons ..... 6.6 
Average production per man employed per day, tons ......... 5.4 
Average production per pound of explosive, toms ..... see. 8.0 
Average production per prop, tomS .,.csersessveccerccevccece ) 


1/ Raw coal includes all material sent to tipple. 
Mine 62 


Mine 62, situated in southern West Virginia, is a group of individual mines. 
Four of these mines were operating at the time of this study. The main-line haulage 
from the mines is on the surface. Each mine is equipped with one ventilating fan, 
operated exhausting, which circulates about 30,000 cubic feet of air per minute 
through one continuous circuit in the mine. 


The Five-Block coal bed, which ranges from 6 to 12 feet thick in the area, is 
mined. The bed occurs near the mountain tops, and the outcrops on the slopes of the 
ridges limit operations to long, narrow areas of coal. Many want areas in which all 
or part of the coal has been replaced with soft clay and other unconsolidated 
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material occur in the bed. These areas are presumed to be the result of past fires. 
The overburden over these areas generally is caved and shattered. Because of the 
irregular shape of areas to be mined, operations are limited to a number of small 
mines instead of one large mine. Three thin partings of bone occur in the coal bed, 
but these partings are not regular in thickness or extent. 


The coal is overlain by 12 to 18 inches of rashy coal, which generally is sup- 
ported with timbers. In some areas, the rash is taken down, loaded separately from 
the coal, and wasted on the surface. The rash generally is overlain by 2 to 24 
inches of weak shale. Sandy shales, thick sandstones, and one thin coal bed con- 
stitute the remaining overburden. The overburden ranges from a few feet at the out- 
crop to 200 feet under the mountain tops. The coal is underlain by 1 to 5 inches of 
fire clay, and the fire clay is underlain by shale (see fig. 27). 


Operations are 100 percent mechanized and about 2,700 tons of raw coal are pro- 
duced daily in three 8-hour shifts. 


Mining Method 


Mining operations began in 1941. The room-and-pillar system of mining is fol- 
lowed and pillars are extracted. Individual mines are developed by entries driven 
in pairs on 60-foot centers. Rooms are turned at 60 degrees to the right, left, or 
from both sides of entries at intervals of 75 feet (see fig. 28). Room depths are 
limited by outcrops, want areas, or adjacent mined areas. All entries, rooms, and 
crosscuts are driven 20 to 22 feet wide. The size of the area to be mined determines 
the plan of mining. Cleats in the coal and roof are not pronounced and do not affect 
the plan of development. The regional dip of the coal bed is 2 percent northwest. 


Six mechanized units were operating in four mines at the time of this study. 
Each unit normally consists of 13 men, 1 mobile loading machine, 1 cutting machine, 
1 coal drill, and 1 cable-reel trolley locomotive. In the two mines where two mech- 
anized units are operated, a trolley locomotive transports loaded coal trips to the 
main line and supplies the two units with empty mine cars. 


Pillar Extraction 


About 60 percent of the coal produced is from entries, rooms, and crosscuts; 
and 40 percent from pillars. 


During entry advance, some rooms are turned and driven only a short distance to 
provide enough working places. When entries reach coal limits, development of rooms 
begins at the inby end. Two or three rooms on one side of entries are under develop- 
ment at a time (rooms 6 and 7, fig. 28). At the same time, pillars are being ex- 
tracted from between three preceding rooms (pillars 1, 2, 3, 4, and 5, fig. 28). 
These pillars are extracted to form pillar lines 60 to 70 degrees to the entries. 
Pillar lines extend across the entries and into rooms on the opposite side of the 
entries, 


Room pillars are 44 feet wide and about 65 feet long. Entry chain pillars are 
4O feet wide and 55 feet long. The open-end system of pillar extraction is followed. 
Lifts, 20 to 22 feet wide, are mined from the inby ends of pillars. Each lift com- 
prises about five cuts (see fig. 29). Small fenders are left adjacent to clay-filled 
want areas and on the inby side of lifts where caved rock from gob areas might spill 
onto the roadways. These fenders crush as the cave line advances, 
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Figure 27. - Section of overburden and coal bed at mine 62. 
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Figure 29. - Timbering details and cutting sequence in pillars at mine 62, 
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A mechanized unit crew follows: 


Loading-machine operator weccccncccccacccccescccces 
Loading -=machine- helper sive saw sae ow ave e-wee aeacaies wie bees 
Cutting-machine operator and driller ....ccccccceee 
Cutting-machine helper and driller ......cwcccceces 
SOHO U Eel POY 5x55 sa aiee a elie) wae eles we ae w 6 ca toe One ap arera wiaeenelbwe 
MOU OMMOU: 1545 5 opr silacerare S516. Sra ere Sele WS ho WEG Soe ww tee OS) ae ark 
BVakemany 34-5 <ae- nes base COG w eS OO eee eee eee esses 
DAMS TMOM <5.v5.s5 esd cece eg sale 10S 06s wosene 6 len Wier ere sic eae a aileve re averaiere 
Trackman GnG helper’ 4 acco SGiw bacee we wa wee eee ee wees 
NOFCMAW, Sycticoul Se ws Gow Wie OSes Ow Oe NSO Os Oe SSE 


Total @eeseeoaoeve@aese@asvpentenwveseeseeeoaeeseeeeeweeeeweeseeeeaee eo 


}~ 
Clap See 


The cycle of operation follows: 


1. Timber, 

2. Lay track. 

3. Drill and cut. 

4. Charge and blast. 
5. Load coal. 


sa 1, Timber, - All places are timbered with wood crossbars about 15 feet long 
ae hi 6 feet apart. Timbers are seldom recovered. An average of 25 tons of 
S Produced per crossbar and 12.5 tons per crossbar leg. 


2 


ties a Lay track. - Track is extended as close to the face as possible. Wood 
’ e 


©€l ties, and 40-pound rails are used. 


img ee and cut. - The two-man cutting and drilling crew drills five holes 
feet apa Cut 1 feet apart near the bottom of the coal bed and four holes spaced 5 
driljs rt near the top of the bed. Holes are drilled with hand-held electric auger 
Track-mo A horizontal cut is then made about 3-1/2 feet above the bottom of the bed. 
t one aia arcwall cutting machines, equipped with 9-foot cutter bars, are used. 
does not the mines ,» where the coal is about 6 feet thick, the rash above the coal 
adhere to the roof rock. At this mine » the coal is cut with a slabbing 
ame diately below the rash. The rash is then raked from the cut with the 


&nd loaded separately. 


a opnerse and blast. - Each bottom hole is charged with four or five car- 

at the 5 Permissible explosive and the charges in the five holes are detonated 

hole ig Se time. After the broken coal below the cut has been loaded, each top 

four hole &rgeed with three cartridges of permissible explosive, which is detonated 
S at atime. About 2.5 tons of coal are produced per pound of explosive. 

noun: = need coal. - Broken coal is loaded into 3-1/2-ton mine cars with track- 

a Sbile loading machines. Mine cars are spotted for loading with cable-reel 
Part - trolley locomotives. Loaded trips of 10 to 15 cars are transported to 
Sather, ©N the main haulage road outside the mine. These loaded coal trips are 
Two Lay and transported on the surface to the head house by main-line locomotives. 
0-depy on Skips, operated from a balanced hoisting drum, transport the coal down a 

“© double-tracked incline to the tipple. 
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Roof Action 


Crossbars spaced about 6 feet apart in all working places support the rash and 
overlying weak shale during mining. In pillar mining, the roof shears at or near 
the cave line. Roof falls are high, and the entire overburden subsides as pillar 
mining progresses. Many vertical fissures and fractures are present in the over- 
lying strata before the coal is mined. Many of these fissures are filled with clay, 
which can be seen on the sides of large pieces of caved rock in the gob areas. The 
roof caves readily along pillar lines and squeezes seldom occur. 


Classification of Employees 


Classification Total 
Mechanized units: 


Loading-machine Operators: 26.54 i000d 600s owes bins viblew see ees 6 
Loading-machine helpers: id ivaesswsa sé ciknsseeesseeeeans 6 
Cutting-machine operator-drillerS ..cccccccccccccecccces 6 
Cutting-machine helper-drillerS .....cccccccvcvccccceces 6 
SAOU. EITSTS: sG.e-dc cee: b gua tis tia Ws waar w oe ws oe Sia eee ea we eee we 6 
MOUOIMCN:. 455: here 0G b-w5 eee cares aiele ea o were Reels See ee SO 6 
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Brakemen eseeeevesvseveewevueeeeevoseseeeeeveaeseeseeveeeoeveeseveeeveeasveeoenees 
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Wie OW HRP RR eee 
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TIMDE CMON: ~ sia%ciuow Oe a sa She aw Wwe ee tie eae wee aeeee see es 15 1 33 
Trackmen: And Nel pers: 4.2.24 cecse castes ke ees eeewes Greens 13 1 28 
WOPEMEN. dué: wie bse eiave seis Sea ete bo Same wee AR eae aw Ae See eemes 6 1 

PEG Els - paca) disease tay tw easasce oa evra a Sew ese Tk Aw Ww eae oe ae ae eS 76 1605 


Other underground employees: 


MOUG PIMC Ty: ae osu iince sates axes we: ite Wwe 6 we etn Wee So Were Wie Se 6 we eats 
BY ARO MOL: <u a ca\is- wid ae, wa 0) wow i Wi wae oe ei ora eee os ee ee ha sce cete we eree 
Electricians (maintenance men) ..ccccccccceccccccccccccs 
Haulage maintenance (trackmen and timbermen) ........0... 
WT ROMO Tg. gicgceita 15s G0 edo cgee tains lose aso a! Rew leat Rte aoe te eee wale S 
VONCiLaCLONs MOM: 2555: cxecs a ciw ocaita ore eee Ob a0 ae ae Ww een Gin ae ere erates 
DrelNaee Men. gs :skc eee be hele as Sa wAle wave 000 oe eee eee eee 
DISPACCUET AS: -icsva-svace G6 rare eo 0eibsa 6 oe ee Ose lero 8 wale ae wee are 


—~ ON ON ON 
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Foremen @eeeseeveev eseoaseoeveeseaoveeseeeeeeevseseveaevseseewesesvsevaeaeneveen G2eee 8 @ 


i 


Total @eeeesosoeaoeee@eeeneaweaeseeeaeeeseespevseeesea#asaeczcoeaeceeees@ e2eveeoeeseeeaos @ @ 


Total underground employees ..rrcccascccsccccccccecce 


Surface employees: 


TDP LEME DM : wg: airascer ives Sie tang iw oral 0 sare onaatve 6 e ale selle eras es wae @ ee sanduahe Meenas 
HoOLsSting ‘CngiIneGrs: ow 4:65.06: siderste es wal ows SS ee Gn wow a Oes,aeex 
Car GrOppe rs © cigs ie sieieco wirare tesa hv srw Swallow ae 6 ete ee ee eee eee 
PTO PME to: shi id-o;-sicesses 6) se ceilw feria: brie te'1gesseneise: 0010s ala 6 e Oa Ow arene a everee ates 
Car PeDALIMeN : sis -e76iee:4re w0w.4. 0 0, o otd iS wie wee ew eee bas SS. was 
EAD THETA 45:e se! oats eseconel'e alba @oherarela 4a bib babe Seo ew lee aw Be’ aa 
PRUCK (ACE VERE: gg a s:are eh witectase eo oe oe Oe bie aia ee ww ies a a aia ates 
We PETC TA: ce: esgscasgs wy wisercw Welw a ew oa 0 a wir tao et www gees Lace av onk wee eter aunce 


Carpenter @eeseeosooseseosveeeesepevaesvseeeveeeeeweseeewevseeeeveenwveoeeevenvees @ 


NEP RPM RPUUUE Pe 


Foremen @eesesesvsevoseeveeeveeewvseesvpeeeswneeeewevo@aeseoeseoesevoeaeveeeveaseeeseseouete 8 


Total eseoseseeeosvoeeoeeveeseeseesvneeeevoeeseevaseseveeaetspesneaoaevoeeseeseoesvseveeenve 8 3 23 1 
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Figure 30. - Section of overburden and coal bed at mine 63. 
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Classification 


Supervisory employees: ‘ 
Superintendent @eeeeseseee*eeseeedsceseeeoesesoeeseseeeoeeweeseeseexuveeseaweseeweeensme_1_ee8esede 1 
Mine foremen @eeceosoeoeeoeeeoeeseseeseeveeweeespe@essaesesaseesseeeewveensenwvneseeeee @ @ @ h 

1 
ee faal 


Office clerks @eeeeeeeseesveeseseseaesvsesesvseeseeseesvpesveaeeeeVeveese eee 
Supply clerks @eeeeeeeweemwsv@e@eea@eteoeesvoeeeeoseseeveewveseveeeveeseeeeeeeee @ 


Total @eeeeeveosevrecevesevneevneeeneevenevnevneeeseveveeeenesvnece 


Total employees eeoeoeeoveeeoeeeoeeveneevneetevnevsevesnesenerenee 


Summary 

iy ee ee 100 
Teent of mime mechanized ..ccccccccsccceccesccccccesscsccsesecs 3 

Hours per shirt Tere CeCe eT CTE CER OR CRTC O CC Te ee ee ee oe ; 

Mechanized bie tat ere ere ee ee ree ree Tr ee ewe tr ere ee ae eee ee eee or 

Average daily production, mine, tonS ...csscccecacccscccuccecccccceceeceesess 2; - 

Mechanized um4t-shifts DOT GAY. bcc 6 oc btlneiiert 30s wos 40s we 0 oe eae Rees eES 


Average production per mechanized uit, per shift, tons ....csccccccecscceces at p 
Average numbe x man-shifts per day, mechanized unitS ...cccccceccvccvcccscceces a2 rf 
Average Production per man-shift, mechanized units, tonS ...ccccecceccccceces ae 
Total man-shipts per Gay): UNdErerounG: 1555 6 60.4446 obi wewcaw es cect wae see euee oe 08 ee 
Average Production per man per day, underground, tons .....cccccccsccccccccee - 
Total man-shifts per day, surface and underground ..ccccececccccccccccccceccs 5 


oe Production per man employed, tonS ...ccccsscccccccscsscccccccccsceces ae 
hides Production per pound of explosive, tons eeeceeesevneneseeeeereereeeeaeenans 2510 
verage Production per crossbar, tons @eeoeeevneesecereaeeeneeeeneeaneaeeeseeeneren 12.5 


Average Production per prop, tons eeovueeneeeevnneeeneeevneeesesevneeneeeeeeseeeoeeenesesee 


Mine 63 


Mine 63, situated in southwestern West Virginia, is opened by six drifts driven 
ni Cal bed from the outcrop. Two ventilating fans, operated exhausting, fur- 
sh 220, O00 cubic feet of air per minute, which is circulated through eight air 
th 


e mine, 


wks overlain by a stratum of hard, sandy shale. A soft shale,draw slate, 
a rom a fraction of an inch to 18 inches, is present between the coal and 
ey Sha roof on one side of the mine. The remaining overburden is comprised of 
aes ‘ Stones, sandy shales, shales, and thin coal beds. The eels gs oe 
ain 
aa Yanges from a few feet at the outcrop to 1,200 feet under the moun 


Shal | Coal overlies 6 to 8 inches of fire clay. The fire clay is underlain by 


erat e of 3,666 tons of clean 
Lo 100 percent mechanized, and an averag 7 
C ms are 
a eer Sduced daily rf three 8-hour shifts. The yield of clean coal is about 82 
“at oF Re raw coal produced, Therefore, the average daily production of raw 


imated at 4,471 tons. 
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The block system of mining is 
fol Nine was opened during the first world war. The block sy 
lowe and Peer are extracted. The mine is developed by multiple main, cross 
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(butt entries), and panel entries, which usually are driven to coal outcrops or 
property boundaries before extraction begins. Main entries are driven in sets of 
six or seven on 60-foot centers (see fig. 31). Cross entries are turned at right 
angles off main entries 1,600 to 1,800 feet apart and are driven in sets of four 
on 60-foot centers. Fanel entries are turned at right angles off one side of the 
cross entries on about 460-foot centers and are driven in sets of four on 70-foot 
centers 1,600 to 1,800 feet to boundaries or until they encounter another set of 
cross entries. Rooms are turned at right angles on 70-foot centers off one side 
of panel entries and are mined on retreat. Rooms average about 240 feet deep and 
are usually limited in length by boundaries or caved areas of adjacent panels. All 
entries, rooms, and crosscuts are driven 20 feet wide. The regional dip of the coal 
bed is 2 percent southwest. Rolls producing grades up to 10 percent occur locally. 
Cleats in the coal and roof are not pronounced and do not affect the plan of 
development. 


At the time of this study, five mobile loading units were engaged in developing 
rooms and crosscuts and in extracting room and panel-entry pillars. Five units were 
engaged in entry development and mining of rooms on narrow centers where conditions 
do not favor pillar extraction. 


A mobile loading unit constitutes 12 men, 1 mobile loading machine, 1 cutting 
machine, 1 coal drill, 2 shuttle cars, 1 elevating conveyor, and 1 car hoist. 


Pillar Extraction 


During the calendar year preceding this study, 63.5 percent of the production 
was from entry development; 16.0 percent from room development; and 20.5 percent 
from pillar mining. About 45 percent of the coal produced from panels where pillars 
are extracted is from entries, rooms, and crosscuts and 55 percent from pillars. 


Each panel is 460 feet wide and 1,600 to 1,800 feet long. After panel entries 
have been developed, rooms are started at the inby end of the panel. Five rooms are 
under development at a time and are advanced so that the working faces are on a line 
forming a 30-degree angle with the entries (rooms 8, 9, 10, 11, and 12, fig. 32). 
At the same time, room pillars between preceding rooms and entry chain pillars are 
extracted (pillars 1 to 8, fig. 32). These pillars are mined in the order shown (1 
to 8) to form a cave line, "X-X" 60 degrees with the entries. After all or part of 
pillars 1 to 8 have been extracted, room 8 has been completed and room 13 begun. 
Then mining of pillars along line "Y-Y" begins. 


Room pillars are blocks 50 feet wide and 60 feet long. Entry chain pillars are 
blocks 50 feet wide and 4O, 70, or 85 feet long. The open-end system of pillar ex- 
traction is followed. Lifts are 25 feet wide, and only one lift is worked at a time. 
(See alphabetical sequence of lifts, fig. 32.) If roof conditions are bad, a small 
stump of coal is lert between the gob and the first cut in the lift. This stump is 
partly recovered after the lift has been completed, 


Pillar lines seldom extend across more than one panel. When retreat mining in 
a panel reaches the cross entries from which the panel was driven, pillar mining is 
continued across the cross entries and into a panel developed from an adjacent outby 


set of cross entries. Mine-car haulage is then changed to pass through the outby 
cross entries. 


A mechanized unit crew follows: 
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Loading-machine operator ..... ee eee er ee ae 
Heading -machine: NEIper. cc aeardiediemare nwt Cee we 
Cucting@ -Machine: Operator: 260d6s-65es 64 660. Cece ew ea avers 


Cutting machine Ne Uber sa: sissed ec aarete: ahd oo a W ere eae 
Shuttle-car operators ee@ee05erne¢@erersteeseseesee#steeseseeeesveeeeeeee @ 


DET TTC saiacd ce hea catetane pie end eee io eel nw ears. we er ear ee 
DOG: TVET: & guarivbee.caSradveauinieee bee e ere Se aaa ese eee eee ees 
Timberman (rock duster) ......... sn Smcanan aero eee 

Car hoist-elevating conveyor operator ..sscrcccccecs 
PROD MAT: - 4.6 Sale eeu; © Senhora avai ec cures tece ear ewe we we te ood Seas 
POE SMA adie Grass a anita ea ae wiles Gite abe aelig Weis Rall axewe ee wee Gay ete 


-- 
<a eee ee eae ee ae 


Total @eee7+rsovaeoeeseeneeseeseseeeaex#eaee@eeeenwreeoeesgseeoeeeertkesete 8 ee @ @ 
The cycle of operation follows: 


Timber, 

Cut. 

Drill. 

Charge and blast. 
Load coal. 


WW Fru 


ee Timber. - During advance mining, one or two rows of props are set on 4-foot 
ing, tw &long one side of all places as the coal faces are advanced. In pillar min- 
of pee to three rows of breaker posts are set 3 or 4 feet apart along the gob side 
i arene to aid in breaking the roof (see timbering details in pillars, fig. 32). 
tec = of 12.7 tons of raw coal is produced per prop. Crossbars are used, where 
inches Ade In some small areas where the draw slate over the coal is more than 15 
ick, the roof is bolted. In these areas, rooms are driven on narrow cen- 


te 
"* 8nd pillars are not extracted. 
aes Cut, - The coal is bottom cut with crawler-mounted, arcwall cutting machines 


With 9-foot cutter bars. 
3 


top of “Eperi. - Four holes usually are drilled per cut about 5 feet apart near the 


on short © coal bed. The holes are drilled with an electric auger-type drill mounted 
Wall cutting machine trucks. Drilling is done by one man. 


y 
explos 4 Charge and blast. - Holes are charged with three cartridges of permissible 
of explon? which is detonated electrically one hole at a time. Production per pound 


Sive is estimated at 6.6 tons, raw coal. 


with Cre Load coal. - Coal is loaded into cable-reel shuttle cars of 3-ton capacity 

Clevat + ©r-mounted mobile loading machines. Shuttle cars transport the coal to an 

capacit Conveyor at the U-turn on the panel haulage track. Mine cars of 4-ton 

of loade &re spotted for loading at the elevating conveyor with a car hoist. Trips 

Coup] ~ Mine cars are transported to the surface by two trolley locomotives 
ace tandem. 

Ro 


“Action 


Ported = thin stratum of draw slate, where present over the coal bed, must be sup- 
the Cog *th timbers or taken down. The thick stratum of sandy shale, which overlies 
advance beq and the draw slate, usually is strong enough to support itself during 
Me ining. In pillar mining, the roof caves by shearing at or near the breaker 
8 
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posts. Caving generally follows pillar mining closely. Caves in the gob area are 
high, and surface cracks are known to appear as much as 700 feet above the coal bed. 
At this mine, the roof generally is much stronger than the immediate fire clay bot- 
tom. Because of this, the bottom often breaks and heaves in rooms and entries near 
the cave line. Apparently, there is no difference in roof action under thin or 
thick overburden. 


Recovery 


The coal bed at this mine occurs in four splits or benches. The two upper 
splits occur together, sometimes separated by a thin parting. Only this part of 
the bed is mined. The third split, while equally as persistent, is more than 4 feet 
below the two upper splits and is not mined, Pillar extraction is practiced in all 
areas of the mine except in some small areas where the draw slate is more than 15 
inches thick and in areas under stream beds. Pillars are left under streams to keep 
the roof from breaking and to prevent surface water from entering the mine, Recovery 
in panels is estimated at 80 percent and over-all mine recovery at nearly 70 percent 
of the part of the bed mined. 


Classification of Employees 


Classification Total 
Mechanized units: 
Loading =machine Operators ««éiwscisawis sewer awaieaeSearw euwu 2l 
Loading-machine Hel pers: 4.46 cciwiiieais: 0-w.wiw a erayee Boe. kyw ose ere ae el 
Cutting-machine Operators: ..6446i66046600440 6 6wee ace eus al 
Cuttineemach Ine Nel pers: «vccaycsssdadw en bates Sees s eee ees el 
SHUbtle=Car Operators: «2s40sub sues ec-odeuweeesewweensaass 42 
Dred CTS saigc2h cactus Gio ator cchue Gare aoe ara le aw wid ere ae orev aesie a einereais el 
OHO ts PI Pere 1d5 Sacactuacied aie wiles weaiee she Rw sie Fee ea we Seek el 
Timbermen (rock GUBCETS) scccwecesdeseeccaccsssscsvcesee el 
Car hoist-elevating conveyor operators ..c.ccecccccccees el 
Repeal rmen: 4.4 Gen se ow steed ced eee bees awckeesaceeoseuen el 
POPEMCM Miteroociechcre eeeineun Ge aw ee dine 6 4NU eRe ie wee eels oes el 
GE near tant earls ance ercirasacats ine eerste evade are Beane aee aie Sie oe one 
Other underground employees: 

MOCOMMeN c's 5 sine 6 «are ele aoe Aaa Sore acim blew ORS ese Areaes 24 
Brakenen: 63.35 00ic-tcaw pale ewes eee ee sees ew en areas kes 2h, 
Wyo Yoda) 6 RE ee OO ee eau Arye 18 
PLAT CMEN ig 56-66 aa oe ee hw SSe ONES RANE Ow Grew oo Siw eee 6 
Ven tl Let ion. MeN» ieeusee's Wide we 8 Sedo 6 S18 4 6 e610 Wi Se wile ees ale wees y) 
Maintenance: Men ad.c» csc nc etien Sewie sta sees se oawuneneeee es le 
UMD © FMOT® ais5'sg wise 45h: dca 0s es ee wwe Wa oe wn cae OO WR wes Ow OSS 4 
MOCK GUSTETS. 15% o:bs7e iis:e ina oe ae esie ae O6 Wise A Owe ww woe eevee , 
Supply men (3 motormen, 3 brakemen) ....ccccccccccccvece 6 
Dust<suppression: Many Ssws dda 5h 4ab0s Sheed a een saneeus 1 
DiSpaULCHENS: <ic6 icc 6 Hs. waceGns an Ga ew aese owes eiaseuee wees 3 
Ayes gait =) s eee eee en ea eee ee ere ere ae eee ee ee eee ar ee eae 6 


1 = 
Total eoeoeceseee aero ee es eeeoeeeneeereeeoeseeanueeeeenerseeonene F669) «| 633-«f 11 | ll 
Total underground employees ..ccccccccscvccccccccrecs 189 | 153 | 23 305 
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Classification 
=————urface employees: 
PAD PUCMED 2 or s-oisgi Shee se. a sar leiva:ahigr ae rorsacel ose tore: bun to See 10 im be Geena eaesia ters 
Fipple DOrenien’ b4.os-0sieacweitesadeee Savave-Sre ae a Sah e. wae 
SLopmen: And Irepad PMN: eg a 4: dara ore Wwe: Sib we ete wee eee 6 Oe ees 
Bonders and wiremen ....ceceese Esiguigices dot savas ei de vertecavanaraeraan ae. oe atee@ 
Car PODELIMeN: 647 d:sniekchn sub cd d ardse Deere ec ates Gwe aw ew aaa 
PC ICUINNG Iressa rcras Gans tetsenisiss waene: ua ten a vecaavian asacaacana arava a sere ei tersaa eae ens 
Welder 


Lamp men eeseeeeoeoesevceoeeveeovsesernoseeesnovoeeeevsseeeeeeveeeseeeeseeeoesese 


Shop foremen eeeeoeeeseeeeesvenseveesvpeeeseseeeseeeseeeereeeeeeeeaeee & 


eeeeeoeceoeeeeseneeseeeveeseeeoeeeseseenveeeseveeseeeseeeeenvneeeeeeseeeeste @ 


Total eeoeosot@oeeeeoeesme@omevesevneseoaoeseevee@eeoeeveeoveovaeeeeeeeeeeeoeeeests &@ @ 


Supervisory employees: 


Supe rintendent @eeeee4u50oeaee @®-e@ee4eoe@eoeoe4nHeeeeeseeeeeee@eeesneoeeeeee 8 @eeee 
Assistant superintendent @eeeoeeeeneeoeeseeeeseseseteeeoseeaesveseeee eoeese ee 
Mine foremen #@eeeoeoeee5u5uo#eeeseeeseneeeeseeeeseeeseeeseeaensveeveoaeeneeeeee8 &@ @ 0 


AsSistant mine POTEMEN .cseccccccccccvcseccceceseccceces 
Clerk ,, 


Total 


OO} WH 


Total emplo ees @®eenweoeeoeeoeeeseeoeeesveoeeeeoeeoeeeoeeeeoeeveesvseesvseee oe ee @ @ 


nm be 
ia’) n 
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NM 
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CO Lad 
Milt meme bot Ore 1 3 
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Summary 
Percent of mine mechanized Coe e eee eceseeeeeeeeseeeeeeneeeeerneveeereseseeeeeeoneeeerses 100 
Hours per shift saa BS ei Gca Gia ea Gs add RGR CASE ROA ee a PE 8 


Average yield, clean coal from raw coal, percent cssccscsccrccccscccececscesecse 82 
MS CHAU ed Mi LS: cxcig cyan helo wevere aia cierd, <oerk Hero semua ered tet e tame wemeteeeon. 10 
Mechanized unit-shifts DOP Gay 56. ose os ea os sede Sind bob Oats sO Re hee we ee eee aan 
Average number man-shifts per day, mechanized UNitS ...ccccccccccccececcceceess 252 
Total man-shipts per Gay, Underground: ox 2ccs.2u-skentewacs We wialwieseececstein oa: 4 oes wee - “OD 
Total man-shifts per day, surface and underground ...cccrccccccccccccscccccsecs 463 
Recovery, Panels, PEPCENU opin chianasseessrenene Vets MeWRNNaS SRS eEORGNee: (CO 
Recovery, mine, PELCENE cececccccvnccevscencvevccvescsccsenenvececevessecssesess 10 


Average 


dail 
Average Y production, mine, tons ee eo rr er et oe 


Production per mechanized unit per shift, tons .... 


ee Production per man-shift, mechanized units, tons .. 
te Production per man per day, underground, tons eevee 
verse Production per man employed, tons evreeeveevoeneee ene 


Avera Production per pound of explosive, tonS .ccserceces 
1 oa production per Drop tons @eeeeeveneeeoaeonen7ees) 80200 0026 6 8 6 0 
7 ‘oal includes all material sent to tipple. 


Mine 64 
M 
the a Situated in northern West Virginia, is opened by six drifts driven in 
75,000 ne from the outcrop. One ventilating fan, operated exhausting, furnishes 
ic feet of air per minute through one continuous circuit in the mine. 


feet tet ittsburgh coal bed, which ranges from 5 to 9 feet thick and averages 7 
, * in the area, is mined. The coal is overlain by 8 to 20 feet of soft 
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claystone, locally called soapstone, which deteriorates upon exposure to the air. 
Because of this, 12 to 18 inches of coal are left for roof. The claystone is over- 
lain by a bed of limestone, which ranges from 4 to 25 feet thick. The remaining 
overburden consists of shales and shaly sandstones (see fig. 33). The thickness of 
the overburden ranges from a few feet at the outcrop to 250 feet under the hilltops. 
The coal is underlain by a thick stratum of fire clay. 


Operations are 100 percent mechanized, and 1,000 tons of raw coal are produced 
in two 8-hour shifts. 


Mining Method 


The mine was opened in July 1948. The block system of mining is followed and 
pillars are extracted. The mine is developed by multiple main and panel entries 
driven 18 feet wide on 60-foot centers (see fig. 34). Where possible, entries are 
driven in sets of 15 with crosscuts at intervals of 90 feet. One panel was being 
mined at the time of this study. Mining was on retreat and only ten entries had 
been completely developed because of poor mining conditions and the danger of sur- 
face water from a stream on one side of the panel. The regional dip of the coal bed 
is 3 percent northwest. Cleats in the coal are pronounced but do not influence the 
plan of development. Barrier pillars, 200 feet square, are left around gas wells. 


Panels are driven to outcrops or predetermined limits. At the time of this 
study, one mobile loading unit was engaged in extracting pillars in the panel that 
had already been developed. The mobile loading unit is comprised of 15 men, 1 mo- 
bile loading machine, 1 cutting machine, 1 coal drill, 2 shuttle cars, 1 belt con- 
veyor, 1 portable air compressor, 1 stoper-type pneumatic drill, and 1 pneumatic 
impact wrench, 


Pillar Extraction 


At the time of this study, the entire production was from pillar mining. About 
45 percent of the portion of the bed mined in the panel had been mined during 
development. 


The panel was about 560 feet wide and 2,000 feet long. Entry crosscuts on one 
side of the belt entry were developed in a line to form rooms leading fram the belt 
entry. Pillars of coal are 42 feet wide and 72 feet long, except in the row on each 
Side of the belt entry where they are 27 feet wide. The pillars are mined to form a 
straight pillar line across all the entries and perpendicular to the belt conveyor. 


Lifts, 18 feet wide, are driven to the right across the inby ends of pillars. 
A fender, 6 feet wide, is left on the gob side of lifts. This fender is cut through 
on the third cut and is blasted after the lift has been completed (see fig. 35). The 
cutting cycle follows along the entire pillar line as the panel retreats. For ex- 
ample, one cut is made in corresponding lifts in pillars A to J (fig. 34) during each 
cutting cycle. In this way, mining of pillars A to J is completed at about the same 
time. 


A mechanized unit crew follows: 
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Figure 33. - Section of coal bed and overburden at mine 64. 
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Figure 35. - Pillar extraction and roof-support method at mine 64. 


Google 


; 


Loading-machine Operator .iccccecccccccccvccsessves 
Loading-machine helper .iccc-crcccccvevccesscccseves 
Cutting-machine operator .iccccsccccccvccsccecceece 
UltL ing =machine (Nel per” 4.4.ca sans 45:es00s.8.56 cee owe 
Dri Ler=SHOC- TA rer’ 5 6:cacd6:esece win eavece 6:01 paier eceree see aeelas 
POUCTLE =Car ‘OPETaAtOrs: so 'si-05.s0k wees wo We oe kaw iow es hs 
Roof. ‘DOLCING "CREW cscs isc:5: sawed ote are eel eg Sediraegia’. wie ere WL ess 
PUTS MOM: 0 c.5 oe wid ae ohare eee eae Swe S ee ewes ees 


Foreman e@eeeeoeeve@eeeeeeenveseevneeeevceeeveeeeensneseeeeeeeee 8 


med 
Glen enone PEP 


Total @eeeenoeo4aeoeeeeseoeeveeeveeeseeeeeoeeeeeeeoeeeseet 8 ee @ @ 
The cycle of operation follows: 


1. Bolt roof and timber. 
es. “Cute. 

3. Drill. 

4. Charge and blast. 

5. Load coal. 


1. Bolt roof and timber. - All working places are roof bolted to the face as 
the places are advanced. Slit-rod-and-wedge-type bolts are installed on 4-foot cen- 
ters to within about 2 feet of the ribs. An assembly for bolting the roof consists 
of one steel rod, 1 inch in diameter and 60 inches long; one steel wedge, 3/4 by 3/4 
by 5-1/2 inches long; one 8- by 8- by 3/8-inch steel bearing plate; and one hexagonal 
nut. Bolt holes are drilled vertically, and the bolts are seated over the wedge with 
a stoper-type pneumatic drill. Nuts are tightened to about 250-foot-pounds torque 
with a pneumatic impact wrench. A 250-cubic feet per minute air compressor, mounted 
on a converted timbering machine, supplies compressed air to the pneumatic tools. 
Safety Jacks are used at the face during roof-bolting installations. Props are used 
at the cave line. Props and bolts are not recovered. The roof bolting and timbering 
diagram is shown in figure 35. About 4.5 tons of coal are produced per bolt. 


e. Cut, - The coal is top cut with a rubber-tired universal-type cutting ma- 
chine equipped with a 9-foot cutter bar. One vertical shear cut is made at the right 
rib during advance mining. The left rib or gob side of lifts are sheared in pillar 
mining, 


3. Drill. - Three or four holes are drilled near the bottom of the coal bed. 
The holes are drilled with a hand-held electric auger-type drill. 


4. Charge and blast. - Holes are charged with three or four cartridges of per- 
nissible explosive, which is detonated electrically, one hole at a time. A crew of 
two men drill, charge, and blast the coal. Production per pound of explosive is 
estimated at 4.0 tons. 


5. Load coal. - Coal is loaded into 4-1/2-ton cable-reel shuttle cars with 
crawler-mounted mobile loading machines. Shuttle cars transport the coal to the 
inby end of the panel belt conveyor and discharge directly onto the belt. The panel 
belt conveyor discharges the coal onto a belt conveyor in the main entry. The main- 
line belt conveyor transports the coal to the surface. The panel belt and the main 
belt are each 30 inches wide. 


Roof Action 


The roof coal and overlying soft claystone or soapstone break and cave readily 
&8 pillars are extracted and the cave line retreats. Initial roof falls are usually 
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thick pieces held together by the roof bolts. The limestone strata overlying the 
Shale does not cave readily and often spans large areas. This condition sometimes 
causes squeezes with the result that the soft fire-clay bottom heaves and inter- 
rupts the regular order of pillar extraction. In extreme cases, the pillar line 
is -abandoned and another started one or two rooms outby the original cave line. 
Much water is encountered during pillar extraction near stream beds. 


Roof bolting appears to be effective in providing better working height as well 
as better roof support at this mine. The number of premature roof falls and the 
amount of rock loaded from roof falls have been greatly decreased since roof bolt- 
ing was begun. Since the mine has no facilities for transporting rock to the sur- 
face and little room for gobbing rock inside the mine, roof bolting has a decided 
advantage over conventional timbering. The volume of materials and supplies trans- 
ported from the surface to the underground working faces by battery-powered shuttle 
cars has been decreased. Roof bolts have replaced nearly all three-piece timber 
sets previously installed 3 to 5 feet apart in all working places as the coal faces 
were advanced, 


Wood props are still used for safety in entries at the cave line, and in other 
places, where necessary. The increase in cost of roof supporting materials per ton 
of coal has been offset by an increase in production of coal. 


Classification of Employees 


Classification | ist | ead | 3d | Total 
Mechanized units: 
Loading-machine operatorS ..ccwcccccscccsvessce 
Loading-machine helperS ..cccccccsvesesescvece 
Cutting-machine operatorS ..cccccccsccccccsece 
Cutting-machine helperS ..cercccccccscccssesece 
Driller-shot: £LLVers: csi é6 66086 6 6 64 wie Sew Cas 
Shuttle-car OperatorB .iccccersccvesesccsccscces 
ROOD bolting Crew 14845605 ss 005400 es we ve Oem 
EXCPA MOD. y6.6< wate eee 6°66 WS Weed VES Oe Saw aise 


Foremen eeeoeovseovevoseeaeveeeeoeseeeseeeeseeeeeveevoeeeeseoe 8 6 


PO FON RP RRP 


UWF MFO MRP RPP B 
Oln FoOrENO MANN 


ht 


VU 
W 


Total @eeeoeoeeaeevoeoeeeeeseeweseeoesesee*seeseveeeeseeeseeseeoeeseees 


Other underground employees: 


Drai nave MeN “25. se see 04b-o 6 web ee eek eee etek wes 2 
SPUPPLICS. CLOW 2.5 sae wees Mew wiere ee Sees Aiea ee wees 2 
BELG ON 6 so i.6 006 ae diva ees ow oo eses Gee SWS 6 Woe: 06 020) 8 00s 2 
Ve@nC LEGG LOM: MOD 6isiie ois ato. ess ah eieicew 0 426 06 S00 0 We eee 1 
Mechanic-electricilansS .cccsccccccccvccseccseces 1 
1 
1 
O 


t'emMene ke 


Wireman eeseseeeaeseseseseeesveveveeveevpeeeeevneeaevseeoesvneveeen ee 
Fire boss @eeeuaoeceaoeoeaovo@esvseeeseseeveveeveveeseevesvseeesveveeweeeenese 
Foreman eeeaoaseseseeaeseuaevevaevsevesvneeeevevpevnneaeveenvneveevneaeneneeee © 


Total @eeeaeseeaevee@e@ e@eerpeees e@eveeeeoeeesetcoeoeeeeaespe#eoeeeese 


Total underground employees .wccccccccveves 


Surface employees: 


LAM. MOT: <: is-e i626 win WO hws ew Wie 0 Wile Oe WB eerw ws Oe aOR ee 
MECHAM C: 54-6 \sadeGedGud ee Owe eCGe whe eee ee wees 
BLACKSMLCN: seeie, sie hc. ae W-w'@ wee 30 W908 oS W601 0 Seow O's 
THUCK MCCHANLC? 6-05, 60-65 awe ose oe W050 a eee we 016 S's 
TA DP LOMO). -<6.:6 o-oo Sins ence. O-e wraveucie & asae wie era. Gow Re erere oe 
TYVUCK “GPAVErS® i siscs sche aeewinw oe we we OS 6 Sew Oe 
TIipple: TOKCMAN: ie 6ig cic: 50:4. ws 6iele 66 G0 8 wae owe ee ww wei 


Total eeesoovoeaoevsvueaeesvsaeeaeseavsesvseseseveaesesveoeveeveseeeen se 
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Figure 36. - Section of overburden and coal bed at mine 65. 
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Classification |_ist | ed | 3d | Total 


Supervisory employees: 

Superintendent. «..% ¢e<seesweebcovendeacakiawes 1/2 1/2 
SUPPLY ‘CLEP, s6 seeks eek os wees eae eee eae 1/3 2/3 
OFTice: CLOLE -.s55.5)po:s be ieae. eateries aie ee ew ee ee ae 


Total. -CmMplLOVECS: vss: s cvavs sth a.die eeiere ces wre tereaueaue SvEm EE, 
Note; The mine produces one-third of the coal tt to surface employees and 
supervisory employees. 


Summary 
Percent, Of Mine MECHANd ZO ©. Gua isnasdio:igesai.0. ss, @s9 Ow 66 Wie HA ie, BRN We ware VE Siw we 100 
HOUPS: DEN 2S IL oc giao wha. e: esate lax wisasare wie ew -Wiwrs © a eee aes hierb a axe ra wre eee w ees 8 
Average dadiy production, mines COMB vas.a<eise Sw wie-s wieverei utes iw 704e es Oe WS use oe sate 1,000 
Mechanized unit=snifts: per Gay cy icewidwdcoreaes ae Ge. 06's 0155440 0644S a Sew ws 2 
Average number man-shifts per day, mechanized unitS ..crccccececccccccevccecs 30 
Average production per mechanized unit-shift per day, tonS ...ccccccccccececs 500 
Average production per man-shift, mechanized units, tonS ....cccccccccvecece 3323 
Total man-shifts per day, underground .....cccccccccccccccccccccccccccsesses 47-1/2 
Average production per man per day, underground, tonS ..eccccrccvccccccvcves rag) te 
Total man-shifts per day, surface and underground ..recececccccccccccccccces 63 
Average production per man employed per day, tonS ...ccccccvccccccccsevcvces 15.9 
Average production per roof bolt, CONS cccccccccccccccsncccccsvcsecscesceece 45 
4.0 


Average production per pound of exploSive, tonS cccccccesevccesccccecesssece 


Mine 65 


Mine 65, situated in southern West Virginia, is opened by six vertical shafts. 
Two ventilating fans, operated exhausting, furnish 800,000 cubic feet of air per min- 
ute, which is circulated through about 30 air splits in the mine. 


The Pocahontas No. 4 bed, which ranges from 6 to 8 feet thick and averages 7 
feet thick in the area, is mined. One shale parting, as much as 2 inches thick, 
sometimes occurs about 12 inches from the top of the coal bed. A 3- to 4-inch band 
of splint coal usually occurs 3 to 4 feet below the top of the bed. Both partings 
are mined with the coal and sent to the cleaning plant. The coal is overlain by a 
stratum of flaky to massive sandstone that ranges from 8 to 36 feet thick. A soft 
Shale, draw slate, as much as 12 inches thick, is present between the coal and sand- 
Stone roof in some areas of the mine. The remaining overburden consists of thick 
beds of sandstones and shales and thin coal beds. The thickness of the overburden 
ranges from 400 feet in the valleys to 1,500 feet under the mountain tops. The coal 
is underlain with firm shale (see fig. 36). 


Operations are 100 percent mechanized, and 4,700 tons of raw coal are produced 
daily in two 8-hour shifts. 


Mining Method 


The mine was opened before the first world war. The block system of mining is 
followed and pillars are extracted. The mine is developed by multiple main and 
panel entries. Main entries are driven in sets of 6 to 10 on 75-foot centers with 
Crosscuts on 90-foot centers. Panel entries are driven at right angles off main 
entries in sets of four to six on 90-foot centers with crosscuts on 75-foot centers, 
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Rooms are driven at right angles off panel entries on 75-foot centers with crosscuts 
on 90-foot centers. Entries, rooms, and crosscuts are driven 18 feet wide (see fig. 
37). Panel entries are driven to predetermined limits or to want areas before pil- 
lar extraction begins. Panels are usually 1,080 feet or 12 blocks wide. Barrier 
pillars, 900 feet wide, separate the main entries from outby rooms in panels. Want 
areas in which all or part of the coal has been replaced with rock are encountered 
frequently. These want areas are sometimes several miles long and as much as 1,000 
feet wide. 


The regional dip of the coal bed is about 2 percent northwest. Dips producing 
grades up to 5 percent occur locally. Cleats in the coal and roof are not pro- 
nounced and do not influence the plan of development. 


Coal is produced with 18 mobile loading unit-shifts per day. Loading-machine 
units usually do not operate double shift in the same working places because of 
excessive liberation of methane gas. Cutting and drilling units are operated sepa- 
rately from loading-machine units, and usually do not work in the same area during 
the same shift. Ten cutting and drilling unit-shifts prepare the coal for the 18 
loading unit-shifts. 


Pillar Extraction 


At the time of this study, about 65 percent of the coal produced was from pil- 
lar mining and 35 percent from entries, rooms, and crosscuts. About 60 percent of 
the coal produced in a panel is from entries, rooms, and crosscuts and 40 percent 
from pillars. 


Each panel is usually 12 blocks, 1,080 feet wide. The length of panels is de- 
termined by property limits, mine layout, or the presence of want areas and ranges 
from 3,000 to 5,000 feet. Panel entries are driven to the limits before room de- 
velopment and pillar extraction begin. Pillars are mined in regular order to form 
a pillar line about 50 degrees to the entries (see fig. 37). Mining is conducted 
at the same time on all the pillars along the pillar line in the panel, but the 
cutting sequence is timed so that no two adjacent pillars are completed at the same 
time. By following this plan, concussions from large roof falls are minimized. 


A pillar line consists of about 12 pillars, each 57 feet wide and 72 feet long. 
The open-end system of pillar extraction is followed. Lifts 18 feet wide are mined 
from two sides of a pillar at the same time. ,However, no two lifts in one pillar 
are completed at the same time but are completed in the numerical order shown in 
figure 38, 


Two or three mobile loading units operate in one panel, although not always 
during the same shift. One unit mines pillars 1 to 6 (fig. 37); another, pillars 7 
to 12; and a third unit develops rooms in advance of the cave line. 


A single row of pillars is left at the outside boundary of all caved areas to 
provide a bleeder entry. As one panel is retreated, the row of pillars left during 
the mining of an adjacent panel is recovered. Active pillar lines seldom extend 
across more than one panel. Part of the return air in a panel passes through the 
bleeder entry and over caved areas. 


The cycle of operation follows: 
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Figure 38. - Timbering details and sequence of lifts in pillars at mine 65. 
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Ll. Timber and extend curtain. 
2. Lay track. 

3. Cut. 

4, Drill. 

5. Charge and blast. 

6. Load coal. 


1. Timber and extend curtain. - During advance mining, one row of props is set 
on 4-foot centers along each side of the track as the coal faces are advanced. In 
pillar mining, wood crossbars are installed on 4-foot centers in lifts as the faces 
are advanced. One row of posts also is set on 4-foot centers on the gob side of 
lifts to aid in breaking the roof (see timbering details, fig. 38). Crossbars are 
used on roadways, where necessary. An average of 21.0 tons of raw coal is produced 
per crossbar and 4.5 tons per prop. Timbers are not recovered. Curtains for con- 
ducting air to the face inby the last open crosscut in all entries, rooms, and 
crosscuts are repaired and extended after each cut of coal is loaded. 


2. Lay track. - Track is laid to the face before the coal is cut. Forty-pound 
rails and steel ties generally are used in panels. 


3. Cut. - The coal is cut with track-mounted arcwall cutting machines equipped 
with 9-foot cutter bars. A horizontal cut is made about 3 feet above the bottom of 
the coal bed. Power for cutting is transmitted from a portable storage battery 
through a trailing cable. 


4, Drill. - Six holes usually are drilled in the face, three at the top of the 
bed and three at the bottom. The holes are drilled with hand-held electric auger- 
type drills, Power for drilling is transmitted through a cable from a receptacle 
on the cutting machine. 


>. Charge and blast. - Bottom holes are charged with two or three cartridges 
of permissible explosive, which is detonated electrically, one hole at a time. Top 
holes are then charged with one or two cartridges of explosive and fired in a simi- 
lar manner, Production per pound of explosive is estimated at 6.4 tons, raw coal. 


6. Load coal. - Coal is loaded into 4-ton mine cars with track-mounted mobile 
loading machines. A portable storage battery supplies electric power to the loading 
machine through a trailing cable. Mine cars are spotted at the loading machine with 
battery-powered locomotives. Trips of about 35 loaded mine cars are gathered and 
transported to the shaft bottom with battery-powered main-line locomotives. 


Storage batteries for locomotives and mining equipment usually operate one 
shift before recharging becomes necessary. Therefore, most battery changes are 
made between shifts. Batteries are charged at permanent charging stations near 
the shaft bottom and are not used for more than one successive shift. 


Roof Action 


The sandstone stratum overlying the coal bed contains bedding planes at which 
the rock separates when the roof caves. Roof falls are in the form of large slabs 
with little vertical shearing at the breaker posts. Initial roof falls follow pil- 
lar mining closely, but the higher falls do not occur immediately. The large masses 
of caved rock form a gentle slope leading upward from the pillar line. The general 
Subsidence of the overburden causes some crushing of the coal along the pillar line. 
Because of this crushing, loading machines are often able to load coal for several 
feet beyond the back of the cut during pillar mining. The shale stratum underlying 
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the coal bed is firm and seldom heaves in areas along the cave line. Surface cracks 
occur over mined areas and areas being mined. Apparently, there is no difference in 
roof action under thin or thick overburden at this mine. 


Classification of Employees 


Classification | 2d | 3d | Total 


18 
18 


Mechanized units: 
Loading=machine: Operators’ -4.4:sssuc 60 bas wee Geo eee Weare ees 
Loading-machine helpers ......... Corre ee Te ee ee ee eee 
Cutting =machine=Operavors: coosse sa ee cee bis d:0 56.0 a wiei-0eie,'eie. ees: © 
Cutting-machine. helpers «0.66 6:06 wees 66 acne ow tee ace w 6a. 
iS Res: meee ee ee eee ee ee eee eae ee er ee a ee ee ee ee ee ee a 
TimpeTMen Bnd NEL VS: é:6:ssGeceisc koe wwe SNe 6.0 Shwe haw wwe here 
Trackmen. and Helpers: se:é00.s5.s0b0sse 04646 Nee w ee eee ees 
NOU “Eb ALOT S? acc terei ed oars: ite sa tee ave te © are eve eww lene wa oie oe ae aie eeserele 


Motormen @eeeeoeoeeeeeeeveeseveeeesepevoeseeweeeove*esnseoeseoveseesevseseeoesvne0e8e80e08 9 


\O\N & £0 XO 


SHwoss 
E wn 
ro) Ve) 


Brakemen eeseeeeesveeecdceeseeeneeesvseVenvreesoeseeeesee#eseseeseeseoeseweesrtee eee @ 
Curtain and pipemen @eeeaeeoeo@@eeeu2eegoeeseoaeenve¢dtee#tee7e1ee*e¢s?seseoees¢e8ee#se#ees8e @ 
Machine cut cleaners and clean-up MEN .eccccscccscevece 


9 
10 


Foremen eseeeeveeaeeeoeeseseeeeswaeseeoeeeeoeenseenveeseeeseewov,eseeoeeseereneeee © @ 


Total eeeseeoeeeaeeeeVeeeteeoeeeeseeeweeseeoewveeeeeweeseoeaeeeseeseeeeeeoees 8 


Other underground employees: 


MOTO VMN. py ecb ve: ecgbceBrwce ce Side see 6780 are 66 eee WoO eR ORS eae 
BG KOMOM:. tess co25.c6 6.0: Bis 66.19 OW Siw ew AS Ww, ere gw Ste hte wee Shee a ee 
Timbermen’ and: NELpPeGrs: isiss-c 66 é 6 eo 0e 00.6 Ce be wee wo 
Prackmen: and: Ned PO rs: 6s. doo iae:66-ec6 anor an ee wa wae Bie ier w are exe 
VENDITA LOM MCN, ia o ack eckice Ste oie eel erce Siew abe we 0 wie ew iete web execere 
DrAtnA Re MEM: ge -b5.d a 66 we Sle ew 6 0ite ws) eo 0 ee Waa W'S Ga ieee e erere 
ROCK iS OTS 5... 55 Soe axe eee 5 sews avalos Ow 00 wee or oe ree 8 
SUPDLY WOT), eovdisa: eieicdusica ein lod: Sollee: ler Oe ae WW ON Wie Wo 0 we oS ae WO Sie 
Maintenance and repalrmen ..ccccccccccsccsccscccccccsece 
matt; DOULOM  CIEW 6.46% <c.acveers ace G68 6a wie wrslece eee w ele ee eee 
Miscellaneous LAabOrers <éii-ois se ec wiewe 6 e000 600s e608 6% 
DESPRE CONST S: « jw:d sri: Sve eneiase wre 60a: Rae! bre Wl S-b 8a SS Shee Ria a ewes 
FAYE DOSSEB  -c.gie ww 6sa:wieveiw 626 soi ee 0c ate Mle ei.e. Oise 06 6 Bab we Bee Ww we. we 
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Foremen @eeesvoeeeeesvseveeeeveeseeeseseeseseseoaesevaseenveeeeseoaVeseseeneeee 6 


Total eeaewevnvovoveveevee0Hepee2@80ee8208e2002e02@00@02802882808080880808802808086008086 8 


Total underground employeeS ..ccccccecccvvesccccvece 


Surface employees: 


Preparation plant men ..ccccesvcccccsccccrncveccscesece 
SOLO PMO TA: | sgh 56-G ss eivesesces o-oo at wa: 0 ors 6 vw ate alaisw Give, bee w wee aes Sow Wire Ser ete 
Lamp men and PLTeMen .orccessccccccocrcccscccccccvscsece 
Hoisting “CnginGe rs: 6.6 ssw es 60.4: wl wie 6 0.6 6 oto 6 we ew he ewe 
SU LY MOM: 5 s6g ca eras hi vaiey-o ene re eave cacao rete: owe lelteiee ee ete ele Ones acer e ee 
Miscellaneous LADOLrers: siccece es ewes ee ewedese ewes tee ewes 


Foremen eeesesesvseeeseeweeneve@eeespeevp epee eesoeseesveeeeseeseeveseveesensmeseseense 8 


Total eesnaeeoeseevneaeev@esoeoee@eeeveesveeeeesveeveenrvreseeveeseevpeeeeeeeseeete se 


Supervisory employees: 


DUPETINCENGENG: - osc se si50 646 006 6.6 WCNS Sis we COO OWES Se ae 
Clerks eeeeeoeeneeoeeeeeeeeeaeseeoa@svseoeceaseeaeeevaevaeaeeweeoesnevseeveeoeeoeeeseeseeaueseacene 8 6 
Engineers eeoevovaeeaeeveauanecnseeeneeeaeeaeseeeeoeeveeevseuevseosvseoevoeeneevnV“nese0eea 8 


Total eesaeaeeonvvseevsenevneeveevpeoeeevneeeseeeeeaoseeoneosvseevespeeve ec eee eceane @ 


Total employees eseeeseeooeoosevovoee eOeeoeseevaeaeeeeaeaeaemnvneeesvseaes ese @ @ 
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Figure 39. - Section of overburden and coal bed at mine 66, 
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Summary 


Percent of mine mechanized @#ee@eeeeeoaeeeseeeeseeuseseeeseeeeeeseeseseee 6 eeeesv1_eeeenve7@e*eeoU,1eseseees8eeeeet@ 100 
Hours per shift @eeeeeeoeeeeeeseaeeeoeeenvreaeeseeseeeeesevsvseever oecesvseeeoevee seeeeueveeeeeeee 88 8 6 @ 8 
Average daily production, raw coal, tonS .....cccccccccccccccccccseccccsscsces 4,700 


Mechanized: .Loeding unit=snifts per Gay .46%.0. 64 sini oe 616th 60S Coosa See eX 18 
Average production per mechanized unit per shift, tonS ...ercccvcrcccscvccece 261 
Average number man-shifts per day, mechanized units ......ccccccccccccecccecs 360 
Average production per man-shift, mechanized units, tonS ...cccreccccvccccces Lek 
love. Malt = ST AS te: per: day. Unde re noun ‘s.c-os.0 sen ciseoe ow ne 6 Gees RO WS OO wie Seas ee 539 
Average production per man per day, underground, tonS ..ccccccccsessccevccece 8.7 
Total man-shitfts per day, surface and underground ....eececccccccecvcccccccas 670 
Average Droduction per man employed, tonS ..cccccccccccsescevevcssecesscececs 7.0 
Average production per pound of exploSive, tonS .eccccccccvccccccccccesevccces 6.4 
Average production per crossbar, tonS ..rccccecccccccees dca 6 rie Se WN ara Wie eS 61S Ee 21.0 
Averabe DrOGiaction per prop, CONS: «sa \6s.a6S 68.6 bike's 060-0 844 SOU eee 656608 SH 45 


Mine 66 


Mine 66, situated in eastern Kentucky, is opened by a number of drifts driven 
from the outcrop into the coal bed. The coal underlies the mountain ridges and out- 
crops high om the mountain sides. Two ventilating fans, operated exhausting, furnish 
oo cubic feet of air per minute, which is circulated through eight air splits in 

Mine, 


The Elkhorn No. 2 coal bed, which ranges from 5 to 6 feet thick, and averages 
ee feet thick in the area, is mined. A parting of bone coal, which ranges from 
ie 0 10 inches thick, occurs 6 to 8 inches below the top of the coal bed. The coal 
a by a stratum of weak shale, draw slate, which ranges from 2 to 30 inches 
a The weak shale is overlain by a thick stratum of sandy shale, which is main- 
a o the roof for most haulageways and airways. The remaining overburden con- 
Sundes alternating strata of sandstones and shales. The thickness of the over- 
tops oe from a few feet at the outcrop to about 400 feet under the mountain 
coal hea € coal is underlain by fire clay (see fig. 39). The regional dip of the 

is about 1 percent northwest. 


Coa] pperations are 100 percent mechanized, and an average of 2,317 tons of clean 

the Sy eee daily in three 8-hour shifts. Full-bed mining is practiced, and 

daily pr a Clean coal is about 85 percent of the raw coal produced. The average 
uction of raw coal is estimated at 2,725 tons. 


Mini Methog 


larg = Mine was opened in 1943. The block system of mining is followed and pil- 
Usually an eracted. The mine is developed by multiple main and panel entries, which 
begins. Te driven under the center line of ridges to the outcrop before extraction 
Usually in entries are driven in sets of six on 60-foot centers. Panel entries 
Short br re driven in sets of four on 60-foot centers and follow the center lines of 
key op eres ridges (see fig. 40). Entry crosscuts are turned at 60 degrees off the 
“duippeg = entry at 80-foot intervals. Belt entries are driven 12 feet wide; track- 
feet Wide. vries maintained for transporting supplies and man trips are driven 14 
on 80.p,_2 And air-course entries 16 feet wide. Rooms, which are driven 16 feet wide 
angles . ve Centers, are turned off the panel entries at either 60- or 90-degree 
beging at Som crosscuts are at intervals of 60 feet. Extraction in rooms and pillars 
the lengy the inby end of the panel. Outcrops and adjacent mine workings determine 
h of rooms. Barrier pillars, 200 feet wide, separate main entries from 
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outby rooms in panels. Cleats in the coal and roof rock are not pronounced and do 
not affect the plan of development, 


At the time of this study, four mobile loading units were engaged in developing 
rooms and extracting room and entry pillars, and two units were engaged in entry de- 
velopment. One hand-loaded chain conveyor unit was being used to develop a pair of 
panel entries. 


Fach mobile loading unit generally is comprised of 1l ‘men, 1 mobile loading m- 
chine, 1 cutting machine, 1 coal drill, 2 shuttle cars, and 1 belt conveyor. The 
hand-loaded chain conveyor unit comprises 5 men, 2 cutting machines, 1 coal drill, 
2 chain conveyors, 1 cross conveyor, and 1 belt conveyor. 


Pillar Extraction 


About 44 percent of the production of the mine was from entry development and 
56 percent was from pillar sections at the time of this study. About 46 percent of 
the coal produced from panels is from entries, rooms, and crosscuts; and 54 percent 
from pillars. 


The size of a panel is governed by the width and length of the area of coal 
underlying the branch ridge. One mobile loading unit is used in each panel for both 
room development and pillar extraction. After panel entries have been developed, 
rooms are started at the inby end of the panel. Two or three rooms on each side of 
the entry usually are under development at a time (rooms 6 and 7, fig. 40). Room 
pillars and entry chain pillars are extracted in sequence as shown in figure 0, 
pillars A to K. 


Pillars are both parallelogram and rectangular blocks 44 feet wide and 64 feet 
long. The pocket-and-fender system of pillar extraction is followed. Lifts are be- 
gun ll feet wide and widened to 16 feet after the first cut (see fig. 41). At the 
beginning of the lift, a fender 9 feet wide is left next to the gob. The cuts then 
are widened, and the fender is cut through not later than the third cut. A 4-foot 
fender, which is left as the lift advances, is cut through on every alternate cut. 
The fender is drilled and blasted after the lift has been completed. Two lifts in 
a pillar may be working at the same time, but mining is timed so that two lifts in 
one pillar or final extraction of two adjacent pillars are not completed during the 
same shift. Coal usually is not recovered from fenders. Room pillars are mined 
to form a cave line about 80 degrees to the entries, and chain pillars are mined 
to form a pillar line perpendicular to the entries (see fig. 40). 


An average mechanized unit crew follows; 


Loading-machine operator .ccccseccccccscccracccsevece 
Loading-=-machine helper \é 66.6 6.4.0i560:6,.65 ood e600 6.68 Nee 8% 
Cutting-machine ee Re reV ad Teer rere Te ee 
Cutting-machine helper-drillerl/ .. cc. ccccccccccces 
NOU: TA ve se a erste o 0 lorie s; exes Sule, ecslee wow 6 aided Wow © Stace eleate 
DHUCTIE=CAr GPE TA COTS: ae: soi eia.e 6s wisw anew ele a -webw areas 
AMDT MAU: 65.5.4 si. S oe oiac SG wel eee ORGY Sa CARES SLOSS 
Timberman he perc )* -s exc. ou avsrbiw arava ales’ wcsain e 0:4 ss ora cheuerete 
Sie Cemane ~..2<t-scmaGdacdwucncadsal wae sewenataeae aaa 


Foreman eee @eoeoeseeeseeseeeeeveeeaeseoeeevoeeeseoaos eves eeeeeren eo eee 8 


_ 
= (genera er ee ere er 


Total ®seeeoeceoeeeoeeseeoeseevoe@aeeseeseeaesseeeeseeoeeseseesteoesenaeeeeeoeeseee 


1/ Some units employ drillers. 


2/ Not employed on all unit crews. 
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Figure 41. - Timbering details and sequence of lifts in pillars at mine 66 
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The cycle of operation follows: 


l. Timber. 

2. Cut. 

3. Drill. 

4. Charge and blast. 
5. Load coal. 


1. Timber. - Where necessary, wood crossbars are installed on 3- to 8-foot 
centers in a@1i1é working places as the faces are advanced. Where crossbars are not 
ued, two rows of props are installed 4 feet apart. In pillar mining, two rows of 
breaker Drops are set across entries and crosscuts before lifts are begun. Two 
rvs of breaker posts are set in lifts as shown in figure 41. Crossbars are used, 
where needed . In one section of the mine, roof bolting is being done systematically 
inmainentry development. Bolts are installed on 4-foot centers in each direction 
as the entries are advanced. In this section, one crossbar is required per cut on 
the roadway amd conveyor entry and connecting crosscuts. In other entries, a line 
of posts on 4—foot centers is required. In addition, four wood crossbars are placed 
at the intersection of entries and entry crosscuts. An average of 5.8 tons of raw 
coal is produced per prop and 23.1 tons per crossbar. Timbers are seldom recovered. 


e. Cut. - The coal is bottom cut with shortwall cutting machines equipped with 
9-foot cutter bars. Cutting machines are transported on crawler-mounted trucks. 


3. Drill, - Five or seven holes are drilled per cut, depending upon the width 
of the coal face, In narrow places, three holes are drilled near the top and two 
near the middle of the coal face. In wide places, four holes are drilled near the 
top and three holes near the middle of the coal face. Hand-held electric auger-type 
drills are used, 


eG 4, Charge and blast. - Holes are charged with five cartridges of permissible 
ago, which is detonated electrically in multiple blasting. Production per 
of explosive is estimated at 3.7 tons, raw coal. 


ere Load coal. - Coal is loaded into shuttle cars with crawler-mounted mobile 
and batte mes. Shuttle cars range from 3 to 6 tons capacity. Both cable-reel 
battery che powered shuttle cars are used. Batteries are replaced between shifts at 
of panel b Tging stations. Shuttle cars discharge the coal into hoppers at the end 
urn, tr elt Conveyors. These conveyors discharge onto main-line belts, which, in 
fron the g port the coal to the surface. Man-trip cars and supplies are transported 
Paralle] urface to the face by trolley locomotives over track installed in an entry 
to the belt entry. 


Roof Action 


down i Stratum of soft shale, draw slate, overlying the coal generally is taken 
the eop1 28 development work. Rock that cannot be gobbed in the mine is loaded with 
lifts in &nd sent to the Cleaning plant. The draw slate usually is supported in the 
ing ang ;)llar mining and in the entries where roof bolts are used. The bone part- 
Velopeg by Coal above it (fig. 39) are supported in the pair of entries being de- 


COnveyor mining. 


I 
shearing ttiar mining, the roof caves by falling in broad, thick slabs instead of 
Pillay >, ©Ytically at the fenders and breaker posts. Caves are high and follow 
large Quay, closely. Cracks are known to penetrate the entire overburden and 
Little Wat cities of surface water enter the mine in caved areas during wet weather. 


464g © 4s encountered in development work. 
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Recovery 


Because of the water hazard, bad roof, and the weathered condition of the coal 
near outcrops, a barrier of 50 feet or more, depending on surface contours, is left 
between the outcrop and mine workings. Barrier pillars adjacent to main entries and 
main-entry chain pillars are extracted during retreat from mined-out sections of the 
mine, Under the system of mining used, company officials estimate that panel recov- 
ery and over-all mine recovery is about the same, and they range fram 80 to 85 per- 
cent, exclusive of the coal left along the outcrop. 


Classification of Employees 


Classification | lst | ed | 3a] Total 
Mechanized units: 


Loading-machine OperatorS ..ccccccccccccccsccscccccccees 
Loading-machine helperB .cccccccccccccvcccccccccccscccece 
Cutting-machine OperatorS wcccccccccevccsccccnseccccceces 
Cutting -machine hel pers: ais6is's é-b. wae We 40s 60646 wee 6 ae e 
DEAL BOTS: . gnc a 6:56 Sa-eyere a eclare o ia aleve wie Wie a ata o Swe we wae wee ea eee 
SHUCTLE=Car Operators « 6ss66.6 sows e:e's0.b ce ee eee we Selec See 
TAMD SYMON 15:5 wires 6 ore ei wale 6-00 esa ose eraee gee wwe ater oe Ne ere ee 
Timbermen. NE lLpCrs 4.56566 os So Bow wie We wes oN wwe eee wee 
LE GOMON: ce: ois: o wis o-5 ewe Wie 60-56 90s o OCS 64S 6 O00 eee ees 
Chain: CONVEYOr MON). 6 se e6.0%.4:6 % SW66or0 80 06 45645950 O68 O BOWS es 
vole os id eer ee ee ee ee ee ee ee ee ee ee ee ee ee eee 


Foremen @eseeeseeoeevneeveseseoeeveeaeseeoeeeseoevneaseevneveasvneaseeneevnenene7e eee 8 0 @ 


Mw FANN O 


f= 


a 
HINNAU FE AD FAANAON 


HPIN AW & FON 


Total eeseeeeoavoeveeevoevseeeeesesvseeesveevoseweeeeesvseseeseeeeeeseoeaseee 


Other underground employees: 


Conveyor unloading operators ...cccccsccsccescvccscseces 


Motormen @eoeveoeveveeveoevoveeseeoeeeveeeseevoeoeeeveeeee4aespewsvonove2e020e20208006080006080 


~ 
_~ 


FNMUNMNNF I NrFFN ND © 
~ 


'norPehy hy © 
wn 


FAN NM FH NW W NN 


Brakemen 62. 6w.6isewdib.@ 64:5 Weis os 4660660 OOS 8 Oo ee eee Oe 
BYOCGL CE MOM 6.4.56 .65 ew wi 6o.o wo 6 oi eeeie @ Siw Oe eee woe eee ee es 
WIPCMCN pvp.a wise ce Wh oh e 0 O Ole GON OS WS OSE RE AO See wee 
Rock ‘drillers: and. HeLpers: +6 s0004se dee aaeeeew ceawe eee ees 
ROCK “GUSCC? . ie ocierite ose: eceb aes: be ware wile Wie See Wide wrens eater ace 
Battery station attendantS ...cwccrcccccccccceresessceces 
BELG “MECHANICS: <5 6.6 6-4aiee wie e650 6 W0 Deo ©0500 ORs Se NS OA es 
MG CHANT C8 occ 6 i655.© Wieolere 5-6 65 WE SWE ESS OS WA Re ewes 
General underground laborerB ...ccci.cccccessscvccseccces 
Mine TF OPCMEN: iy ic 6 o6e db e55we wid wel rn Ore ae SOE CA aR ONES aa 


Total ©eeeoeeenvnevevoeeeveasv esp eae ewaeoeseeevnevaevnoeeoseevneeveaeaeaeweaesseoaen ees a a 10 


Total underground employees ..cccecccccccccccccessecs | LOO {105 | 10 317 


8 
2 
2 
1 
1 
2 
1 
1 
2 
3 
2 
2 


mwmoOM! 1 


Surf ace employees: 


HOLSCING EnGInGGrs: 4.4.46 -6:66saee OSes ie SE ee ee wee ee a WS a ews Oe 
CATDENVCTS 1.4.5 66.6 bAwi Shwe ek BREE ees COW he se se eee~ aks 
REDE TMEN ssa ccotiweie 6.06506 ewe a eee e eee 0a Gwe ewes be aews 
BILACKSMECIS: eso. aca ats ve tees aoe w oie ese o as 6-9 eae o50 ob ee  on beware 
AYUCK GTIVELB a0 ds. oaie:-siete b-wileceie wih wb RiGee ob Oe Whe were Welete eee es 
Bath=house: et tendant \ eos sc écwes ee web 0ee eee bee ceee~ws 
BuLIGOZEYr OpCTAUOLs | icici cow sas Ose @O56 46 0 06 6 Sees ees 


Lamp men @eeeseeoeovoec eeeveeesvsveseeseeesvseesvs@asee@eseoeeoeeseeaeseesa2eeeaua eoeee 


teRMrete 
i i Sl od 


Greasers @eeoeuaueeceoeoeweeaeoeoeseeeveseeveeseoseoueo#etsoespn@@eeaeseoeaeaseeseoneevanse 


Boom men (belt men) eeseeceevoeoseceseseseoeceevoeeovse eee eevseoeeeseeaeneveeseess 
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Classification ; Total 
Surface employees (Cont.): 

DAD OLE FS soi 0 secarcunia ter’ ave Sis eieuevWse-el aie otere aie ie ieee Sate dca ee era wane 
Special repairman (tipple) ......ccccccccccccccsccccces 
Repatrmen: (tipple) .2.0sosbccdisane 6 Seadekesneeee aes cesee 
CONG: ODE TALOFS: 45.c/:iere teh iae: leche ar ady a oib.d hiwaie wt S40 ee See 
Greasers. (tipple) vecxicd wcacw crerers'ae Goes oe snaws bor be eee 
deaborers (tipple) :.4.2:5..4,0iceciwieterna\sio eae ea waticwa we owe ess 
DIAGE (PICKERS: i054 wig oy acai wears ae w eae ee eeeleatee. ws oe wewus 
EME Sr 15,55 sais ba wae oss alla sera os bis www we altars Guna ee ese eiaele we eube ee 
Railroad-car loaders and dropperS ..ccccccccccesccsecccs 
SLECE: NOLS UMEN. secgrs. cca eseews: aodveih laine wise wala e-wikew ea ee aiecene 
Tipple engineer and outside foreman ...ccccccccccccvees 
ol aay 0 hee as Kon 5 « eer e er re ea een eee er eee 
ReEpalr: LOVEMeMs oiics7e.iv dine hw wissen ow. Saw wee Siew wide wie Saree oe 


Total e9seeesesevesvscsvesvo@e@ae@reoee@seoeeeeseesve@eevmeeesvsesveeeevevseevoeveeeeeee 8 3 


2 
1 
1 
1 
2 
2 
1 


ti'eRonmOtNhiDrrReRYD ! 


iRPRPRPNMRFPNPRPRE DPA 
ON MP HW Or AWWW Ar -~ 


COR 1 


Supervis ory employees: 


DUPETINUENGENE, wists wide ase ete ls, Sis are wena eveie.e wine wi See eee eee 1 
Office clerks: fees. g bieceainewatie es eww dae eee heme eee ua 4 
Supply ClOPK, ...5.5.s06<w 0G-5 6: abo 04 6S Oe eo be ea eo oe eee s 1 
PRAGINGELS: csv. sails: d G-series Keke WA es eee Se OS eae ee OSS 2 
PrOpercvy ENG INCeT : 06s ease 5S assess oe @celieverera Wiatale ow 5S A Seats BE 


Total eeeosoeseeaeoseeespeveeseoeveeeveeoeeceev eves seeeveeeeseeeevne eee ee | 869 | = | 
Total employees ®eeeoeeoeeaeeoeeeoeeoaeaoeoeeasesgeoenvnevaeeoeeaeeaeeneoneee ee @ @ 8 y 


Summary 


Percent of mine mechanized @eeeeosevoaeeosvseoeaesev@eeveeeaeevaeeeweeeeoeeeeeeeveeeeeevoeevueevsee 020028080 0 100 


Hours per. iShif b - 25 4.cns'6 O55 scree « wie Sibu See 4die 0s. 5S Wea ob se Bes CN d ee eka S 8 
Average yield, clean coal from raw coal, percent ceccccccccccccccceccsecssecces 85 
Mechanized units. MObiLe]: Load 1g ~ sec: 6:s5.e: aise inu ware: avever'everis w: o:ane: wie: ore i700 coal 90 oie eee ravers 6 
Mechanized unit-shifts per day, mobile loading ....cccccccccccvccccccsccesesess 18 
Mechanized units, hand loading onto COnveyorS .ecccccevcccccccvevccvcvecsseseces 1 


Mechanized unit-shifts per day, hand loading onto COMVEYOrS ..ccececesscccceces 3 
Average number man-shifts per day, mobile loaderS ...cccccccccccccccccccscssees 198 
Average number man-shifts per day, CONVEYOTS ..ccccccreccccccscseccsccccesevessee LD 
Total man-shifts per day, mechanized units ....cccccccccceccvecresccccccsseseces Ol} 
Total man-shifts per day, underground ...scccccccscvccccccccccccsccccessesesese 3h 
Total man-shifts per day, surface and underground ...ccccccccccecccecescceccces 394 
Overall "recovery, percent. ds.0sc.ccts Sada eels vue wlawso Gans un cew seem hess aenesgO0=OD 


| Raw coall/ | Clean coal 
Average daily production, mine, tonS ..ccccrcsccccccscvccce 
Average daily production, mobile loading units, tons ...... 
Average daily production, conveyor unit, tomS ....c.ccccees 
Average production per mobile loading unit, per shift, tons 
Average production per conveyor unit, per shift, tons ..... 
Average production per man-shift, mobile loading, tons .... 
Average production per man-shift, conveyors, tonS ...ccceree 
Average production per man-shift, mechanized units, tons .. 
_ Average production per man per day, underground, tons ..... 
Average production per man employed, tonS ...cccecccccccees 
Average production per pound of explosive, tonS ...cccseres 
Average production per prop, tOmS .wcccoccccccccccccsevevecs 
Average production per crossbar, tonS ...ccsscccscssssscees 
1/ Raw coal includes all material sent to tipple. 
2/ Raw coal does not include bone or roof rock. 
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Mine 67 


Mine 67, situated in eastern Kentucky, is opened by three drifts driven from 
the outcrop into the cqal bed. One ventilating fan, operated exhausting, furnishes 
110,000 cubic feet of air, which is circulated through eight air splits in the mine. 


The Taggart coal bed, which ranges from 51 to 80 inches thick and averages 62 
inches thick in the area, is mined (see fig. 42). No partings occur in the coal bed 
in present mine workings. The coal is overlain by a stratum of weak shale, draw 
slate, that ranges from 2 to 8 feet thick. The draw slate is overlain by sandy 
shale that grades to sandstone about 2 feet above the draw slate. The remaining 
overburden comprises strata of thick sandstones, shales, and one coal bed about 4 
feet thick, which occurs approximately 60 feet above the Taggart bed. The thickness 
of the overburden ranges from a few feet at the outcrop to about 1,000 feet under 
the mountain tops. The coal is underlain by hard clay. The regional dip of the 
coal bed is about 2 percent southwest, but rolls that result in grades up to 15 per- 
cent occur locally. 


Operations are 100 percent mechanized, and an average of 2,650 tons of raw coal 
are produced daily in two 8-hour shifts. 


Mining Method 


The mine was opened during World War I and closed after 8 years of operation. 
In 1947, it was reopened and operations were mechanized. The room-and-pillar system 
of mining is followed and pillars are extracted. Main entries are driven in sets of 
three to six on 60-foot centers (see fig. 43). Panel entries, butt entries, are 
turned at 90 degrees to the right and left off main entries and are driven on 50- 
Poot centers parallel to the face cleats in the coal bed. Where rooms are to be 
mined off both sides of panel entries, double panels, three entries are driven; 
where rooms are to be driven off one side, single panels, two entries usually are 
driven. All entries are 16 feet wide. Panel entries are driven 1,630 feet before 
room development and pillar extraction begin. Rooms are turned at 90 degrees to the 
panel entries and driven 36 feet wide on 72-foot centers to a depth of 200 or 250 
feet. Rooms are driven perpendicular to the face cleats in the coal. 


At the time of this study, all active mining was in the Taggart coal bed. How- 
ever, mining had been conducted in a bed about 40 feet below the Taggart bed. Main 
entries in the upper bed are directly over the entries in the lower bed, and the en- 
try chain pillars are columnized. The two levels are connected by raises at inter- 
sections of panel entries and main entries, and main haulage is in the lower bed. 


An average of 24 shaking conveyor units are in operation each shift. Three en- 
try development units employ shaking conveyors equipped with self-loading heads. 
The production of these units per man per shift averages about 25 percent more than 
the hand-loaded conveyor units in room-and-pillar mining. 


Each conveyor unit comprises four to seven men, one cutting machine, one coal 
drill, one room or entry conveyor, and one face conveyor in room-and-pillar mining. 
Two or three conveyor units are used in the development of a set of panel entries, 
five units in retreating single panels, and seven units in retreating double panels. 
Each panel is equipped with a 30-inch belt conveyor. 
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Figure 42. - Section of coal bed and overburden at mine 6/7. 
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Pillar Extraction 


During the calendar year preceding this study, 20 percent of the production was 
from entry development, 32 percent from room development, and 48 percent from pillars. 


Panels are 1,630 feet long and range from 270 to 630 feet wide. Twenty rooms 
are driven off one or both sides of panel entries, beginning at the inby end of the 
panel. In single panels, two rooms usually are under development, one about half a 
room length ahead of the other (rooms 7 and 8 single panel III, fig. 43). At the 
same time, pillars are extracted by three units inby these rooms (pillars A, B, and 
C, fig. 43). In double panels, three wnits operate on each side of the panel, and 
one or two rooms on each side are under development at a time (see panel II, fig. 
43). One additional conveyor unit is used to extract the chain pillars in a double 
panel, Pillars are mined in sequence as shown alphabetically in figure 43. 


Room pillars are 36 feet wide and range from 50 to 90 feet long. Entry chain 
pillars are 34 feet wide and 56 feet long. The open-end system of pillar extraction 
is followed. Where conditions permit, cuts are taken off the ends of pillars (pil- 
lar A, fig. 44). Where roof conditions are bad or where roof falls are against the 
pillars, lifts, 16 to 20 feet wide, are mined from the ends of pillars (pillar B, 
fig. 44). Lifts comprise about five cuts. The last 5 to 10 feet in some pillars 
are blasted and loaded without cutting because this coal is often crushed by heavy 
roof (cuts 5 and 6, pillar A, fig. 44). 


The cycle of operations follows; 


l. Timber. 

2. Cut. 

3. Drill. 

4. Extend and move conveyors and extend curtain. 
5. Charge and blast. 

6. Load coal. 


1. Timber. - Timbers are advanced to the face as the coal is loaded from a cut. 
In advancing rooms, wood crossbars are installed over the room conveyor, which is 
about 8 feet from the inby side of the room (room 8, fig. 44). The area on the outby 
side of the conveyor is timbered at the face by a system of fore-poling as the face 
is advanced; wood crossbars 14 feet long are installed on 4-foot centers over the 
face conveyor perpendicular to the face; these crossbars, which are supported by 
three or four screw jacks, are moved forward as the face is advanced. Wood props 
with 4- by 6- by 30-inch wood cap pieces are set on 2- to 4-foot centers as the 
crossbars are advanced. Where cuts are taken from the ends of pillars in pillar 
mining, wood breaker props are set on l- to 3-foot centers on the gob side of the 
face conveyor (pillar A, fig. 44). Where conditions require that pillars be mined 
with lifts off the end of a pillar, three-piece timber sets are placed on l- to 4- 
foot centers as the lift is advanced (pillar B, fig. 44). Temporary wood cribs are 
sometimes installed in room crosscuts to keep them open until mining is begun in the 
inby pillar. Cribs are the only timbers recovered. 


In entry development, the roof is bolted on 4-foot centers in each direction as 
the faces are advanced. Another bolt is then installed in the middle of each 4-foot 
square. Usually, 11 roof bolts are used per cut in an entry 16 feet wide. In addi- 
tion, wood crossbars also are set on 4- to 6-foot centers as the entries are advanced. 
An average of 2.4 tons of coal are produced per prop and 9.5 tons per crossbar. 
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2. Cut. - As soon as the right corner of a fall of coal is loaded, cutting be- 
gins and proceeds across the face as the coal is loaded. The coal is bottom cut with 
shortwall cutting machines equipped with 8-foot cutter bars. One cutting machine is 
used per conveyor unit. 


3. Drill. - The coal is drilled with hand-held electric auger-type drills. In 
rooms, nine holes usually are drilled per cut; four near the top and five near the 
middle of the coal face. About six holes are drilled per cut in entries, three near 
the top and three near the middle of the coal face, Drilling is begun before the 
machine cut is completed. 


4, Extend and move conveyors and extend curtain. - When the cut is completed, 


the cutting machine is moved away from the face, and the room conveyor is extended 
in advancing rooms and shortened in pillar mining. The face conveyor is moved as a 
unit to the face. The curtain line, supported by props, is then extended along the 
center line of the room to the face conveyor. 


5. Charge and blast. - Holes are charged with 3-1/2 to 4 cartridges of permis- 
sible explosive, which is detonated electrically. Conveyors are operated when the 
coal is blasted because some coal falls onto the face conveyor after the blast. In 
room work, charges are fired one at a time to prevent overloading the conveyor. In 
entry work where face conveyors are not used, two to six charges are fired at a time. 
Production per pound of explosive is estimated at 3.2 tons. 


6. Load coal. - Coal is hand-loaded onto shaking conveyors in room-and-pillar 
mining and loaded with shaking conveyors equipped with self-loading heads in entry 
mining. Room conveyors discharge the coal onto 30-inch belt conveyors in the panel 
entries. These conveyors transport the coal to the main entries and discharge it 
into steel chutes installed in the raises connecting the two levels. Mine cars of 
7.5-ton capacity are loaded at the chutes on the lower level. Trips of mine cars 
are spotted at the chutes and transported to the surface by trolley locomotives. 
Man-trip cars and supplies are transported from the surface to the face by trolley 
locomotives over track installed in the main entry in the upper level and in one 
entry parallel to the belt entry in each panel. 


Roof Action 


The stratum of weak shale, draw slate, overlying the coal bed must be supported 
during mining. In pillar mining, this roof rock usually breaks freely, and close 
timbering is required to prevent premature roof falls. The shale falls in broad 
Slabs along the cave line and follows pillar mining closely except in the chain pil- 
lar areas where the roof in entries has been bolted. The sandy shale and sandstone 
strata overlying the immediate shale roof usually bend before breaking, and this 
concentrated weight crushes the coal in the last 5 or 10 feet in room pillars and 
in chain pillars. However, squeezes and bottom heaving seldom occur. Apparently, 
there is no difference in roof action under small or great thicknesses of overburden 
at this mine. 


Recovery 


Because subjacent mining planned for columnized main entry pillars, may be con- 
ducted in the near future, main entry chain and barrier pillars will not be extracted 
until final retreat mining begins. For this reason, over-all mine recovery has not 
been estimated. Recovery in panels is estimated by company officials at 97 percent 
under average favorable conditions, excluding barrier ae and coal left unmined 
along outcrops. 
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TABLE 1. - Summa of performance of mobile loadi units and conveyor units 


Mine 
EE eS; | a Ns Te 61 
1. | Description of mechanization: 


A. Cutting machines .......0.. aves pis IAI ok Shortwall Shortwall Universal, Universal, Shortwall Shot twall 
ribber-tired track-mounted 


B. Mobile loading units: 


@. Loading machineS ....cccccsccsecvecscssccccee Prawler-mounted Crawler-mounted Crawler-mounted Track-mounted Track-mounted Crawler-mounted 
and rubber-tired 
Da? » MAChINeH 1000" TUCO) Wises conpravers em Watkin oie bias Shuttle cars Chain conveyors Shuttle cars Mine cars Mine cars and |Chain conveyors 
shuttle cars 


C. Conveyor units: 
be, @. Conveyors’; “GYDO" S<.6.s-custoas ons vaedeccehoeee | CRAIAD COBVEVOX Chain conveyor - - Shaking conveyors| Chain conveyors 
Ds DWORVE OFS: DOA INGO, wi.wisw eneare oce wre ere oere eee Mine cars Mine cars - - Mine cars Belt conveyors 


oe BOCEHION: OF. MING sc isisis-seeue's esta a ie eha sR wierota cara alw eral aieia Pennsylvania Pennsylvania Pennsylvania Pennsylvania Kentucky West Virginia 
32,1 Mechanization: of mine’ <0) 5/cic ssisisies eleia wb .ae-e eine DeErceny 100 100 100 100 78 100 
4. | Thickness and dip of bed ..s.escucs sp oareokae Seat . BQ inches - flat | 32 inches - flat] 54 inches - flat | 84 inches - flat|45 inches - flat |38 inches - flat 
5.| Number and hours of shift, as ey FAs. en catiok cee 3 - 8-hour 2 - 8-hour 2 - 8-hour 4 - 8-hour 3 - 8-hour 2 - 8-hour 
6.| Numberandhours of shift, surface ....... 5 pisickrer aw oes 2 - 8-hour 2 - 8-hour 1 - 8-hour 3 - 8-hour 2 - 8-hour 1 - 8-hour 
7.| Average daily production? WAC? © 615/4-6'8's as Te 3,000 600 2,017 , ; 2, 283 
8.| Mobile loading units: 
A. Number units ......<. eas Mu ama sa eee 2 
B;. Unitrehifis per dayy 4. s0%.cke , ‘ 4 ; 
C. Average production per unit per “shift Se elee 120 
D. Average number men per unit per shift .......... { 17 
E, Man-shifts per day ......... Waka staa poo eee 34 
fF .. Average dally production. cvewsnenulenn save wae 478 
G. Average production per man per shift — 14.1 


9.}| Conveyor units: 
Ae DET. URGE: ini:835 550 Suis 24s Bee pads ae Beene 23 
B. Unit-shifts per day . ecia@eno-e ims Tx 46 
C. Average production per unit per shift ..... 39 
D. Average number men per unit per shift ..... in 
By OC Man-eolees: pers day. »oacade see a0 ts capeke 192 
F. Average daily production ...c..scccecccense 1,805 
G. Average production per man per shift .... 9.4 
10. | Total number of employees, underground ........+- oe 318 
11. | Average production per man per shift, underground,..tons hee 
12. | Total number of employees, surface and underground .... 390 
13. | Average production per shift per man employed .... tons A ° 29) 
14, | Average production per pound of explosive ........ do. 8.7 
15. | Average production per PTOP .ecceseccscccccceccees AO. 3.8 
16. | Average production per croSSbar .....e.eccecseeees dO. = 
17. | Average production per roof DOLt ..ceeeeeeeesevees do. 
18, | Estimated recovery, panelS .....seeeeccecceeeee percent = 
19. | Estimated recovery, mine ........ PASE Je iais do. 
Mine 
1. | Description of mechanization: 
Arcwall, Universal, Arcwall, Shortwall Shortwall . 


A. Cutting machines eeeeweveeeeeveeeeeevpeeeeeeee es eeeeeees Arcwall, 
track-mounted crawler-mounted rubber-tired track-mounted 


B. Mobile loading units: 
a. Loading machines @'° Oe © 0) 6 @ O 8.8. O 6 'E B10 'O,0'R Ge, 0. 0 89'S 26 


Crawler-mounted 
Shuttle cars 


Track-mounted 
Mine cars 


Track-mounted 


b. Machines load into .....seeee Sa cere se time cee Mine cars 
C. Conveyor units: 
A. CONVEYOTS, TYPE .ccceeeseacseresccccescsces - - Shaking conveyors 
b. Conveyors load into ...ceeeeserseereene aterm - - - - Belt conveyors 
2. | Location Of Mine ..cccocccrccecce POPE SY Me or ee West Virginia West Virginia West Virginia Kentucky Kentucky 
3. | Mechanization of mine .......s6e. Fess vae«< Sec ch « PERCENT 100 100 1OOr =f 100 100 100 
bh. | Thickness and dip Of Ded ..cscccescccccececcceseeessees p to le feet - flat|45 inches - flat|84 inches - flat 84 inches - flat|72 inches - flat|62 inches - flat 
5. | Number and hours of shift, underground ......++.+-- 5a 3 - 8-hour 2 - 8-hour 2 - 8-hour 3 - = hour 2 - 8-hour 
6.| Number and hours of shift, Surface ...cseeveeeeeevecees 2 - 8-hour 2 - 8-hour 2 - ee 
7.| Average daily production Mine .....e.seereeseevees tons 1,000 2,650 
8.1 Mobile loading units: : 
A. Number units ..cccccccvecccccccecccscscsvsccvseeves z 
B Unit-shifts per day wcccecesvescccccrecssscscoccs i 
C., Average production per unit per shift o1p's ssie=gvOue . 
D. Average number men per unit per BHILC wc cwcciceve : 
FE. Man-shifts per day w.cvesesccevsecccevesrrseces a : 
F Average daily production ......sececeeeerees tons : 
Average production per man per shift .....-. tons 
9. Biilevas units: ms 
A. Number unitS ...ceveccecves FTE. rik ki ee 18 
B. Unit-shifts per day ......eee. AM hehe ee pie 
C, Average production per unit per shift ...... tons = 
D, Average number men per unit per Shift ....+eeeees 358 
E. Man-shifts per day .ececeereesecccvecveesesescvcs 2 650 
F. Average daily production ..... jt rete Gen stee ss LORE ¢ h 
G. Average production per man per shift ng e086 EROS koh 
10. | Total number of employees, underground ..ccrcceees n me 
11.| Average production per man per shift, underground... tors 553 
12, | Total number of employees, surface and underground .... ae: 
13.| Average production per shift per man employed .... tons aes 
14,] Average production per pound of explosive ....«.... do. Dh 
15.| Average production per PFOP .ceeeeesveereeees -* we EGOS 9.5 
16.] Average production per crossbar .......-+-- gosto pial ofese do. 3 
17.] Average production per roof DOLE ..-.-eeseeeeeeeee do. $ 
18.]| Estimated recovery, panelS ...-++-e-+s- * BR AAS percent : 
19.] Estimated recovery, mine ...---+-+-++++++++++-++--* do. 


a Crews also brush and load rock in track haulage entry. 
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